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The child with nephrotic edema has 
an excessive volume of extracellular 
fluid. The chemical composition of his 
plasma, a small fraction of the total 
extracellular fluid, is abnormal in that 
its albumin concentration is markedly 
reduced. It is a less familiar fact that 
the chemical composition of the entire 
extracellular fluid is also abnormal. 
Thus the concentrations of both sodium 
and bicarbonate are reduced and that 
of chloride is increased. The cause of 
these abnormal concentrations is un- 
known at present but it is pertinent to 
ask what effects they might produce. 

The decrease in plasma albumin is 
generally assumed to permit increased 
amounts of an ultrafiltrate of plasma 
to pass from the vascular bed into the 
tissue spaces. Thus hypoproteinemia is 
commonly thought to be responsible 
for the edema. However, it has been 
observed repeatedly that loss of edema 


can occur without elevation of plasma 
protein, which may remain pathologi- 
cally low for weeks or months after 
edema has been lost through diuresis. 
In contrast, the reduction in plasma so- 
dium makes it possible for water to mi- 
grate from tlie extracellular compart- 
ment into the cells of the body, caus- 
ing intracellular edema. The lowered 
plasma bicarbonate and elevated chlo- 
ride are characteristic of chronic acido- 
sis which also produces a shift of water 
into tissue cells.^^’^^’^“ 

Shifts of extracellular w’ater have im- 
portant secondary effects. Thus trans- 
fer of extracellular water into cells (as 
in the Darrow-Yannet experiment®’^^ 
or after sodium depletion in man^''^) 
reduces the plasma volume. Reduc- 
tion of plasma A^olume by sodium 
depletion^® has been shown to result in 
decreased glomenrlar nitration and de- 
layed excretion of water. Although 


° This paper was read at a nicetiri!! of the Society for Pediatric Researcli at Stockbridge, Massachusetts, 
on Mav 12, 1947. 

1 Aided in part bv a grant from the U. S. Public Health Sei^'icc. 
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renal function studies in nephrosis 
have resulted in both super and sub- 
normal clearances," the studies of Oli- 
ver-® indicate tire need for considerable 
caution in interpreting such measure- 
ments. Certainly the clearance of 
water and sodium is not increased. The 
effects of intracellular edema on the 


L e.j lactate or tire more rapidly con- 
vertible acetate) might produce two 
important results; (1) elevate the con- 
centration of sodium in extracellular 
fluid and the concentration of bicar- 
bonate in both extracellular and intra- 
cellular fluids; (2) move water out oi 
cells thereby further expanding both 


Tabi.f, 1.- 

-TYrtc.vi. Pi,.\SM.v 

AND UniNi; 

El.nCTIlOI.YTK 

CoNCKNTItATIONS i; 

s NKriiiiOsis 


(All concentrations arc expressed in in 

Hr), per liter) 



N.a 

ncoi 

Cl 

K iirn> 

11 

Plasm.T . 

. . 132 

14 

lOS 

r, 2 

0 0001 

Urine 

... 10 

0 01 

10 

ISO 70 

0 01 

U/P ratio 

. . . 0 1 

0 001 

0 1 

30 3.0 

100 



Xoniml Values 



Plasma . 

. , 142 

27 

103 

n 2 

0 0001 

Urine 

. . . 140 

10 

100 

50 20 

0 001 

U/P ratio 

. . . 1 

0 3 

1 

10 10 

10 


function of organs, such as tire kidney, 
can only be surmised at present. In any 
event, reduced plasma volume might 
interfere witlr nutritioir of cells; this 
added to the chronic acidosis and in- 
tracellular edema, would presumably 
augment the loss of potassium from 
body cells. These may also have suf- 
fered intrinsic damage from the disease 
itself. 

If tlrese suppositions are true, tire 
composition of the urine should reflect 
these disturbances. The urine would 
be scanty in volume, acidic in reaction, 
and low in sodium but high in potas- 
sium. Tlrese inferences are consistently 
fulfilled M'lrile edema persists, thereby 
attesting tire kidneys’ ability to protect 
homeostasis as far as possible in this 
difficult situation. Average values 
found in all children we have observed, 
together with normal values, are sum- 
marized in Table 1. Similar plasma 
values have previously been 
noted^'-''*-^! but not correlated with the 
edema and oliguria. 

In view of tlrese chemical abnormali- 
ties, it seemed reasonable to anticipate 
that administration of sodium bicar- 
bonate (in the form of its precursors. 


plasma and extracellular r’olumes. Cer- 
tain changes in kidne)' function would 
then follow; the filtration of sodium 
would increase markedly. Furtlrer- 
more, as slronm by Pitts,®® when tire 
e.xcretion of bicarbonate at high plas- 
ma levels is greatly increased in as- 
sociation with accelerated urine flow, 
chloride reabsorption is decreased and 
chloride is e.xcreted in the urine. Ap- 
parently the capacity of the tubules to 
reabsorb chloride can be reduced by 
presenting to them simultaneously an 
excess of bicarbonate. Excretion of 
chloride is desired as a means of re- 
moving e.xtracellular fluid. 

The administration of potassium 
would presumably permit its replace- 
ment in cells as the total osmotic pres- 
sure (not that of the colloids alone) of 
extracellular fluid was increased by 
sodium administration. In view of the 
osmotic equilibrium between the po- 
tassium concentration inside the cells 
and the sodium concentration of the 
surrounding medium, tire intracel- 
lular concentration of potassium can- 
not be raised to normal until the extra- 
cellular concentration of sodium is like- 
wise raised to normal. Thus administra- 
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non of potassium only has not proven' 
effective although excess potassium 
promotes water excretion.'”* Excess bi- 
carbonate formed from potassium ace- 
tate would further augment bicarbo- 
nate excretion and thereby add to the 
strain on the chloride reabsorptive 
mechanism. 

Finally, the introduction of consid- 
erable alkaline electrolyte into the tu- 
bular urine might inhibit precipitation 
of protein in the renal tubules, as sug^ 
gested by the in vitro experiments of 
Oliver.^” 

Methods: Sodium and potassium in 

plasma and urine were detei'mined by the 
lithium internal standard flame photometer,^ 


the use of which for biological fluids has been 
dscribed.o In R. W., plasma sodium was de- 
termined by a gravimetric uranyl zinc ace- 
tate method after dry ashing. Chlorides were 
determined by the method of Schales and 
Schales;27 alkaline urines were brought to 
the correct pH for titration by one or two 
drops of 3 per cent nitric acid. The otlier 
analyses were performed by tlie hospital lab- 
oratories using standard methods. 

Procedure and Observations: Observa- 
tions have been made in children with mas- 
sive edema and ascites, hypoproteinemia 
(A/G ratio less than one) and marked pro- 
teinuria but without hyperazotemia. The 
urine contained small numbers of red cells 
and occasional granular casts; hypertension 
was absent or minimal; lipemia was marked. 
The presumptive diagnosis in tliese children 


Table 2. — Summary or Balances of Sodium, Chloride and Potassium 
(All data are for 30 day periods of observation) 


Bodj' weight (kg.) 

Na 

Cl 

K 

Patient Age Initial Final Loss (Total milliequivalents in 

Diuresis Following Administration of Sodium Lactate (1 Molar Solution) 

R. W. 7 439 25 18.9 

30 day.s) 

Recovered in urine (42.4 1.) . . 

-9080 

-3943 

-1153 

Recovered in 4.8 1. ascitic + 0.7 1. pleural fluid . 
Intake of sodium lactate ... ... 

- 800 
-t-G750 

- 605 

- 28 

Diet (estimated) + penicillin infusion— l.S 1. 

-i-1170 

-fll70 

-1- 900 

Balance 

-1960 

-3378 

- 281 

IVeight loss X concentration in E.C.F 

■f 2640 

-fl9S0 

+ 95 

Net 

-1- 680* 

-1398* 

— 186 


Spontaneous Diuresis 


G. B. S) 40.3 31.7 14.6 


Recovered in urine ... 


. . . . -5400 

-5500 

- 1250 

Diet (estimated) §§ . . . . 


. . . . -1-1200 

4-1200 

-1-1200 

Balance 


. . . . -4200 

-4300 

- 50 

Weight lo.ss X concentration in 

E.C.F. 

. . . . -1-2050 

-f 1530 

-h 

75 

Not -2150 -2770t 

Diuresis Following Administration of Sodium and Potassium Acetate 
R. P. 31 24 IS 6 

+ 

25 

Recoveied in urine . . . . 


. . . . -7300 

- 2455 

-3600 

Medicinal intake 


. . . . -fSOOOf 


-f4000 

Diet (estimated) 


. . . . -f 900 

+ 900 

+ 900 

Balance 


. . . . -1-1600 

-1555 

-f 1300 

Weight loss X concentration in 

E.C.F. 

. ... -f 840 

-1- 660 

+ 

30 

Net 


. . . . -f2440t 

- 895 

-1-1330 


* Sodium and chloride continued to be excreted in the urine in considerable quantity above their 
intake for remaining S days of hospitalization. Inclusion of these amounts would balance the sodium 
column and increase the excess chloride excretion. 

t Although this total may seem excessive, the urine chloride concentration frequently ranged from 
200 to 254 niEq. per liter during chloruresis; (See Fig. 2). 

f These values may be too high because some sodium was lost by vomiting and error in sodium 
dosage initially. There was also considerable excess sodium excretion in the week following this 30-day 
collection period; some lag in sodium excretion follows administration of large amounts. 

S§ Diet low in Na. and Cl. only partially consumed because of anorexia and emphasis on Na. and 
K medication intake. 
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PA/Z.Y total EKCR£.rio/si 



Fig. l.—Changes after giving sodium lactate, 1 molar 400 cc. dailv, and the ofTect of sodium lactate administration 
on nephrosis with massive anasarca. (R\V 7 years.) The volume' of urine (solid line) and its content of sodium 
(dotted line with crosses) are plotted on the vertical axis with the scales adjusted so that 1000 cc. of urine corresponds 
with 150 mEq. of sodium. This facilitates recognition of changes in urine composition, e. g., when the sodium con- 
centration in the urine is 150 mEcj. per liter, the points for urine volume and total sodium coincide; when the con- 
centration of sodium in the urine is greater than 150 mEq. per liter, the point for total sodium falls above the point 
for volume and rice xersa for dilute urine. Representative values are printed on the chart. The amount of sodium 
lactate administered in the intei^'al between the vertical lines is printed over a horizontal line placed at a level on 
the sodium scale which corresponds to the average daily sodium intake. The values in parenthesis are the liters of 
so^um space (12) represented by the apparent volume of distribution of radiosodium 15 hours after injection. 

The dailj' potassium excretion is shown by the height of the vertical lines; 50 mEq. of K is marked on the 
ordinate. Body weight is plotted below; at the vertical arrows and capital P, 7 and 4.8 liters of ascitic fluid and 0.7 
liter 01 plural fluid were moved. The hematocrit value.s are plotted to indicate relative changes in blood volume. 

At the bottom of the chart are plasma values of sodium and bicarbonate in mEq. per liter and for albumin and 
gl^uhn in grams per 100 cc. of plasma; the A/G ratios were below unity. 

During the first 10 days of observation, small volumes of acid urine low in Na were obtained. Sodium lactate 
was then given cautiously; plasma _Na increased and the concentration of Na in the urine rose rapidlj* to 210 mEq. 
per liter (day 15); urinfe volume tripled.^ Then the plasma Na decreased (day 13) suggesting a movement of water 
frorn cells into extracellular fluid. Continuation of sodium administration and excretion of more water than sodium 
in the urine raised plasma Na to 150 mEq. per liter (day 17), tVhen .'^odiiun administration was interrupted, both 
the volume of urine and its concentration of Na decreased promptlv. \S'ith further sodium administration, the vol- 
ume of urine rose only slightly but the concentration of Na increased sharply to 274 mEq. per liter (day 27). Although 
lactate "^^uot mven after t^ 29th day, the plasma Na remained over 150 mEq. per liter; urine Na decreased to this 
level and the urine chloride increased from 15 to 25 mEq. per liter to eqvial and then exceed (142 mEq. per liter) the 
pl^ma chloride as the daily volume of urine rose to a jna.ximum of 5.5 liters on the 36th daj'. 

Ihe change in the appearance and beha^’^o^ of the child was dramatic as the massive edema and anasarca rapidly 
Qisappeared^^d body weight was halved. Just prior to diuresis, the potassium concentration of the urine dropped 
sharplj' to < .7 rnEq. per liter (day 31) and remained in this range for 10 days. In the subsequent days, electrolyte 
values in plasma and urine became normal. _ The protein content of the urine fluctuated from 1.9 to 4,3* gm. per day. 
No additional therapy was Piven and the child was discharged edema-free. It vras of further interest that the hema- 
tocrit of 31% decreased to -.<% with sodium administration and then rose to 35% after diuresis. The proteins de- 
creased from 4.1 to 3.8S gm. per 100 cc. prior to diuresis. These values suggest expansion of plasma and extracellular 
volumes prior to diuresis with subsequent decrease toward normal. 
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was oitlier lipoid nephrosis or tlie nephrotic 
phase of glomerulonephritis. 

The first child studied had remained ede- 
matous for 15 weeks. He received sodium 
lactate as a one molar (sLv times isotonic) 
solution by mouth. Fluids were moderately 
restricted but not to the point of marked 
thirst. The sequence of events, summarized 
in Figure 1, was as follows: The volume of 
urine and the concentration of urinary sodium 
increased. The plasma sodium rose, tlien 
fell, apparently as a result of movement of 
water from cells to the extracellular compart- 
ment. With additional intake of sodium. 


per liter to that of the plasma and above. 
Urine sodium decreased from 270 mEq. per 
liter to 155, equalling plasma concentration. 
Thus the urine being excreted required mini- 
mal osmotic work on the part of the kidney.^® 
At this point, four days after the last dose of 
sodium lactate, the volume of urine increased 
by a liter per day to reach 5.5 liters daily and 
the sodium and chloride concentrations re- 
mained approximately equiosmotic with tire 
plasma. 

During this period edema and ascites dis- 
appeared; body weight and extracellular vol- 
ume returned to normal. Plasma proteins re- 
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Fig. 2. — Electrolyte excretion in spontaneous diuresis. Urine Na increases to equi-osmoticity with 
the plasma as plasma Na increased from 135 to 148 mEq. per liter and urine volume increased 5-fold. 
Chloride excretion rose sharply; body weight decreased. After the 12th day no further decrease in 
body weight occurred; nevertheless, excretion of Na, Cl and K continued at high levels for over 2 weeks. 
The average mEq. excreted per diem of Na, Cl and K respectively in each period are days 1 to4: 
—29, 48. 23. Days 5 to 13:— 236, 211, 31. Days 14 to 26:— 186, 196, 67. Days 27 to 33:— 109, 131, 
59. The ratios of the excretion of Cl and K to Na taken as 1.0 are placed above the symbols in each box. 


plasma sodium increased to over 150 mEq 
per liter and remained elevated. The plasma 
bicarbonate increased slowly; in contrast, 
urine bicarbonate increased rapidly, values 
above 300 mEq. per liter having been ob- 
seiv'ed. 

The apparent extracellular volume, (Na®) 
in Figure 1, as measured by radiosodiumH* 
decreased slightly, as did body weight. 

After seven days, with urine sodium and 
bicarbonate in excess of 250 mEq. per liter, 
chloride reabsorption apparently failed; urine 
chloride suddenly rose from under 15 mEq. 


mained virtually unchanged during the 40- 
day period except for a decrease from 4.5 
to 3.9 gm. per 100 cc. at the peak of diuresis. 

The total amount of sodium excreted 
represents the sum of the sodium ad- 
ministered plus tlie amount derived 
from the volume of edema fluid re- 
moved. In contrast, the overall balance 
sheet in this child, and also in all others 
similarly studied (Table 2), brings to 
light an enormous store of chloride 
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excretion considerably exceeded the 
sodium output. After having been 
edematous for nine weeks, during a few 
days of observation in this hospital 
without any attempt at treatment a 
minor erysipeloid infection occurred, 
plasma sodium rose from 135 to 148 
niEq. per liter and tlie urine composi- 
tion suddenly approached that of extra- 
cellular fluid. For the next few days 
the U/P ratio of sodium and chloride 
approached unity and mine of a con- 
centration representing minimal renal 
osmotic work^® was excreted in increas- 
ing volume as ascites and edema dis- 
appeared and body weight decreased 
to normal. Then followed a period of 
strikingly greater sodium and chloride 
excretion hut no weight loss. Inasmuch 
as potassium excretion increased sharp- 
ly at this time, it would appear that tlie 
normally extracellular sodium and 
chloride, together with potassium, left 
the intracellular compartment. The 
overall balance sheet (Table 2) shows 
a rather large excess excretion of 
chloride, similar to that mentioned 
above, after the induced diuresis. In 
relation to the weight of edema and 
ascitic fluid lost, the sodium excretion 
was twice that expected; the chloride 
excretion, however, was three times 
that expected. There was also consid- 
erable potassium excretion at certain 
■intervals. These shifts of electrolytes 
without water focused our attention on 
the intracellular compartment, the site 
of enzyme activities, in searching for 
an explanation of this syndrome. In any 
event, increase of intracellular pH 
from below normal, by elevation of 
the pH of extracellular fluid and shift 
of additional bicarbonate into cells 
with restoration of Donnan’s equilib- 
rium between cells and extracellular 
fluid, could account for this removal of 
electrolytes (chiefly chloride) from 
cells. In this connection, tlie experi- 
ments of Rapoport and Guest-® and 
Peters-® ha-\'e indicated the type of 


changes that might occur in cells with 
changes of their pH. 

During the past six months, the in- 
terest of Dr. Murray Bass and the co- 
operation of Dr. Jerome Kohn and Dr. 
Ralph Moloshok at Mt. Sinai Hospital 
have afforded additional opportunities 
of profiting by earlier experience. 

The schedule of dosages carried out by Dr. 
Moloshok and the measurements made in our 
laboratory are shown in Figure 3, which con- 
tains observations on a third patient. This 
child had been edematous for nine weeks and 
there was an additional period of observation 
for basal values. Then sodium acetate ther- 
apy was begun but potassium administration 
deferred (although plasma potassium was be- 
low nonnal) because the urine volume was 
scanty. Plasma and urine sodium both rose, 
urine volume increased and there was a gain 
in weight of 5 kg. in 16 days. Sodium and 
potassium acetate were pushed; whereupon 
the hematocrit decreased, suggesting an in- 
crease in plasma volume; the urine sodium 
and bicarbonate fell toward normal; retention 
of potassium occurred; urine chloride rose 
from 15 mEq. per liter to the level of plasma 
chloride. With urine electrolytes nearly equi- 
osmotic with the plasma, the volume of urine 
rose sharply and body weight decreaesd as 
ascites and edema disappeared. The balance 
sheet here (Table 2) is more complicated, but 
again the chloride excreted greatly exceeded 
the amount anticipated from tlie volume of 
edema lost. Although dietary intake was not 
measured precisely, there seems to have been 
potassium retention. 

The question of alkalosis always 
arises. Figure 4, from Gamble’s mono- 
graph,^^ helps explain why it has not 
caused tetany, except in one patient 
classified as chronic nephritis; doub- 
ling plasma bicarbonate requires only 
a small increase of carbonic acid to 
prevent an undesirable rise in plasma 
pH. When the medication is increased 
gradually, urinary excretion of bicar- 
bonate rises to over 300 mEq. per liter 
and its output almost parallels intake. 
Large amounts of sodium bicarbonate 
and sodium lactate have been admin- 
istered to patients with acidosis asso- 
ciated with extensive thermal burns,® 
with renal obstruction from sulfona- 
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mides,^'^ and to prevent renal obstruc- therapeutic effect and spontaneous di- 
tion during massive sulfadiazine ther- uresis. To date, diuresis has occurred 
apy.^® Alkalosis did not occur in these in 14 children after administration of 
instances and urinary output increased these salts sufficient to raise plasma so- 
markedly. dium to 140 mEq. per liter or over and 

Discussion; It is important to em- urine sodium to 200 mEq. per liter or 
phasize that this study is presented as over; a detailed report will be pub- 
an experimental approach to the prob- lished shortly. In the presence of 
lem of nephrotic edema. More cases marked signs of renal damage, changes 
are needed to distinguish between in plasma sodium and bicarbonate con- 

0UFFERING IN BLOOD PLASMA. 

ACIDOSIS ALKALOSIS 



50% 

adjustment 
OF taHCOj) 

Fig. 4. — Buffering in blood plasma. (From Gamble.) Plasma pH is adjusted by the ratio of HjCOa 
(above the zero line) to BHCOs (below the zero line). The normal ratio is 3/60. Consequentlj’, 
relatively huge increases in BHCOj cause but slight change in pH when a sm.all and easily accomplished 
increase in H;COj follows. • In this diagram 50% adjustment by H»COj is shown; only small increases 
in pH occur with very large increases in BHCOj. 

It is doubtful if plasma pH exceeded 7.5 since plasma COr? values in excess of 95 volumes % were 
seen only once and that child showed no manife-stations of alkalosis with a CO; of 120 volumes %. 

Nevertheless, tetany occurred in 2 patients with poor renal function and should be watched for and 
guarded against. Inhalation of 10% CO; and 90% oxygen gave prompt relief. 
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cciiti-ation may occur more rapidly, 
hence dehydration and tetany need to 
be guarded against by irequent plasma 
analyses. 

More time is needed to evaluate the 
effects of sustained electrolyte admin- 
istration on the signs of renal damage: 
hypertension, azotemia, casts, red and 
white cells as well as the massive pi*o- 
teinuria. One tlmee-year-old child has 
been observed for 28 months, subse- 
quent to diuresis following administi*a- 
tion of sodium lactate. During this 
period sodium and potassium medica- 
tion has been continued and up to the 
time of writing the child has remained 
clinically well, free of edema and with- 
out protein or abnormal urinary sedi- 
ment. Otlier children receiving medi- 
cation 6 to 8 months after diuresis have 
remained edema-free but without sub- 
sidence of proteinuria. (The intake of 
sodium and potassium acetate is ad- 
justed to obtain approximately 140 
mEq. per liter of Na and 100 mEq. per 
liter of K in the pooled 24-hour urine. 
From 5 to 15 grams of each salt per 
day have been required. ) In our very 
meagre experience, children kept on 
maintenance therapy have remained 
free of edema longer than those not so 
maintained. Obviously, study of many 
patients for a period of years is neces- 
sary for final evaluation. Preliminary 
studies by Osman“^ and Schultz"® did 
not indicate any increase in life ex- 
pectancy with somewhat similar man- 
agement but the factors of renal os- 
motic work,^® inhibition of protein pre- 


cipitation in the tubular urine,^'’ 
chronic acidosis, reduced plasma so- 
dium concentration and potassium re- 
placement have not been studied here- 
tofore. 

The great excess of chloride recov- 
ered in the urine after diuresis needs 
careful study. It appears to be greater 
in those children who subsequently 
have tlie longest remissions. Complete 
metabolic balance studies are essential; 
in their absence, calculated intakes to- 
gether with urine chlorides 1.5 to 2.0 
times the plasma concentration indi- 
cate excess excretion. A dry storage 
of chloride has been suggested prev- 
iously® and some lipoid-chloride has 
been described.®^ Furthermore, the in 
vivo experiments of Wilde®® demon- 
strate the presence of chloride in mus- 
cle fibers and also delineate a shift of 
chloride and potassium into muscle fi- 
bers as the sodium content of tlie ex- 
tracellular fluid is lowered and its po- 
tassium increased. Complete potassium 
balances are also essential to establish 
the retention indicated by the present 
data. 

Summaiy. Significant abnormali- 
ties in the concentration of electrolytes 
in plasma and urine in children with 
nephrotic edema are described. Diu- 
resis occurred following administration 
of sodium lactate and sodium and po- 
tassium acetate. The electrolyte 
changes during tliese episodes and in 
the course of spontaneous diuresis are 
presented. 


We are indebted to Miss Betty B. Freeman for her painstaking care in performing the electrolyte 
anabases and for her patience in carrying out numerous comparative gravimetric analyses to establish 
the accuracy of the lithium internal standard flame photometer.^’*’ 
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VASCULAR OCCLUSION AND ISCHEMIC INFARCTION IN SICKLE 

CELL DISEASE* 


By Paul KimiELSTiEL, ]\f.D. 

PATHOLOGIST 

CHAHLOTTE, NORTH CAROLINA 

(From the Charlotte Memorial Hospital, Department of Pathology) 


From the accumulated reports of clinical 
and postmortem observations of cases of 
sickle cell disease the following concept of 
its patholog}'^ has been formed. The ab- 
normal shape of the sickled erythrocyte 
is responsible for the stasis of blood flow 
in capillaries, resulting in thrombosis and 
subsequent infarction. The principles of 
this concept, with added modifications, 
have been accepted by most writers. 

We had the opportunity to observe a 
case of uncomplicated sickle cell disease 
which revealed multiple foci of ischemic 
necrosis of inner organs without throm- 
botic occlusion of arteries. In view of the 
seeming rarity of such a finding, we believe 
it to be justified to put this case on record. 
Also from a review of the literature we 
have gained the impression that interpre- 
tations from repeated and transmitted 
quotations have outgrown the reported 
facts. We have attempted, therefore, an 
analysis of previous reports with particular 
reference to vascular occlusions in sickle 
cell disease and its relation to ischemic 
infarction. 

Summary of Case History. Pleasant S., 
an 11 year old colored female, was admitted 
to tlie Poliomyelitis Unit of the Charlotte 
Memorial Hospital because of weakness and 
hj’^po-esthesia of the extremities which had 
steadily been increasing for the preceding 
4 weeks. She complained of moderate 
abdominal distress. 

The left extremities were more affected 
than those of the right. The child stated 
that she had recurrent episodes of right 
upper abdominal distress of appi'oximately 
4 to 7 days duration. These S 3 nnptoms re- 
gressed spontaneouslj’’ but were followed bj-- 
a period of extreme weakness. During these 
periods the mother noted slightl}’- icteric 
scleraj. 


On admission the child complained of pain 
in tlie left extremities. Temperature was 
100° F., pulse 90, respiration 20. She was 
poorB'- nourished and appeared lethargic. 
The left extremities could not be moved 
voluntarily. There was no icterus at this 
time. Moderate rigidity was demonstrable 
in the right epigastric and right hypochon- 
driac regions of the abdomen, with severe 
tenderness in the right upper quadrant and 
in the midclavicular line. A mass was defi- 
nitely palpable at this point, measuring 
approximately 5 cm. in diameter. It seemed 
to be attached to the inferior surface of the 
liver. Direct and rebound tenderness were 
referred to this area. Peristaltic sounds 
were markedly diminished in frequency and 
volume. 

Neurologic Examination. The reflexes 
were slightly hyperactive on the right and 
definitely hyperactive on the left where 
pathologic reflexes were elicited with ease. 
Abdominal reflexes were diminished in all 
4 quadrants. There was increased tonicity 
with diminution of muscular power in the 
left extremities. Position and vibratorj'’ 
sensations were intact. 

Laboratonj Examinatio7i on Admission. 
White blood cells, 26,000 per c.mm. (neutro- 
phils, 91 %) ; red blood cells, 3,210,000; hemo- 
globin (Sahli), 6-gm. (41 %). Two days prior 
to admission there were 15,000 white blood 
cells per c.mm. and 3,800,000 red .blood cells; 
hemoglobin (Sahli), 52%. Blood Wasser- 
mann and Kahn were negative. Examina- 
tion of spinal fluid (2 days prior to admis- 
sion) revealed a markedly increased pressure 
with 10 cells per c.mm. No further informa- 
tion was available. Urine: albumin l-f 
Avith occasional red blood cells and Avhite 
blood cells, as well as occasional gi'anular 
casts. 

Clinical Course. The temperature gradu- 
all}’- increased, as did the abdominal sj^mp- 
toras. The patient was placed upon a pen- 
icillin regimen. A flat Roentgen ray plate 


* Tlie author is indebted to the Heineman Foundation for the illustrations used in this paper. 
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of the abdomen revealed numerous calculi 
in the area of the gall bladder. A tentative 
diagnosis of acute cholecyst! ti.s was made. 
Laparotom}'^ was performed 1 day after 
admission. During operation a friable necro- 
tic gall bladder was removed. A blood 
sample was taken on the day of operation 
for determination of active or latent sickling 
and “ 97 % active sickling” was reported 
12 hours after operation. The condition of 
the patient became increasingly poor. Ic- 
teric sclera were noted S hours postopera- 
tivety. She expired in hyperpyrexia 48 hours 
postoperativel3'. 

Axdopsij. (1 hour 30 minutes after death.) 
Lungs: There were extensive aieas of 

atelectasis and bronchopneumonia in both 
lungs. No vascular changes (including 
thrombosis) were found on gross or micro- 
scopic examination. Spleen: The spleen 
was grosslj’- not definite^ recognizable. In 
its place was found an ill-defined area of 
thickening at the inferior surface of the 
diaphragm which measured approximatelj’ 
2 X 2 X 0.5 cm. It was very firm in consist- 
ency and appeared to consist of a tough 
whitish capsule containing small dark red 
vascular areas. Microscopically, this por- 
tion of tissue consisted of extremely thick- 
ened, h 3 'alinized trabeculfe containing resid- 
ual vessels with marked calcification . Hema- 
toidin crystals were closely intermingled 
with calcium deposit. A few residual sinu- 
soids filled with red blood were encountered. 
Lymph follicles proper were not identified. 
Kidrmjs: The entire cortex of both kidne3's 
was mottled b3’- numerous 3"ellowish gra3', 
sharply demarcated foci of rhomboid or 
wedge-shaped configuration. i\Ian3'- of 
them were confluent. Most of them did not 
involve more than the outer 1 cm. of the 
cortex and were slight^ elevated over the 
surface as ovell as the cut surface. The 
cortical architecture of the renal parenclyma 
within these foci was completely obscured. 
The dissectable blood-vessels were patent 
throughout. Microscopical^, the above- 
described areas were typical of ischemic 
necroses with margins of neutrophil infiltra- 
tion. Platelet thrombi were found in some 
glomerular tufts and occasionally in capil- 
laries and arterioles within the infarcted 
zones but no thrombi and no endothelial 
proliferation were noted elsewhere. Within 
the normal portions of the parench3mia the 
capillaries. particularl3' those of the glomeru- 


lar tufts, were markedly engorged with red 
blood cells. Gnll bladder: (Surgically remov- 
ed.) Eevcaled almo.st complete necrosis of 
all layers of its wall without inflammator}' 
reaction. It contained 8 faceted bilinibin 
cholesterol-calcium stone.s. No vascular oc- 
clusion was demonstrated. Liver: The con- 
sistenc3' was somewhat friable. Man3'^ sharp- 
13'^ demarcated areas were noted in the right 
lobe. The3' were rhomboid in shape, yellow- 
ish in color on the cut surface, with com- 
pletel3' obscured architecture. Man3’ of 
them were surrounded b3' a narrow hemor- 
rhagic zone. The dissectable vessels were 
patent tiiroughout. Microscopically, scat- 
tered large foci of coagulation necrosis were 
found, mostly in the center of liver lobules. 
These were surrounded 1 ) 3 ' zones of neutro- 
philic infiltration which were followed 1)3' 
zones of marked hyperemia. The liver cells 
in the better preserved portion were filled 
with coarsel3' granular bile pigment. Vas- 
cular changes, particularl3' thromboses, were 
not noted. Brain: The g3'ri were slightly 
flattened and the sulci narrowed. Numerous 
foci of degeneration were found, character- 
ized b3' depression of white matter, in both 
hemispheres. These foci were light gra3'ish 
3'ellow in color and softer than tlie normal- 
appearing white matter in some portions 
and firmer in others. The3' were sharpb' 
demarcated and irregular in shape and size, 
the largest measuring 4 cm., involving almost 
the entire white matter of the left posterior 
temporal lobe, anterior parietal lobe, and 
encroaching somewhat upon the internal 
capsule. Other foci, including the posterior 
portion of the corpus callosum, were ob- 
served. The gra3' matter appeared mainl}' 
involved, as were the basal ganglia. Micro- 
scopicalb', numerous, often closely packed, 
large foam cells were found within the areas 
of dem3'elinization of the white matter. 
The m3''elin sheaths had completely disap- 
peared and a network of delicate glial fibers 
had remained. In most of the larger foci 
the axon C 3 'linders were also complete^ dis- 
integrated. In some areas, particularb' in 
the corpus callosum, marked glial scarring 
in the vicinit}^ of foci of demyelinization 
could be demonstrated. Occasional accumu- 
lations of red cells were encountered in peri- 
vascular b'mph spaces and some of the sec- 
tions showed considerable accumulations of 
small round cells, as well as some foam cells, 
in the Virchow-Robin lymph spaces. Some 
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Fig. 1. — Kidney. Ischemic infarction with extended area of incomplete ischemic necrosis (A.) in which 

some preserved glomeruli can be observed 


Fig. 2.— Liver. Low power magnification shows extensive subscapular ischemic necrosis. 




iron pigmented macrophages were also found. 

In none of the vessels, small or large, was 
there found thrombotic occlusion or en- 
dothelial proliferation. Fat could not be 
demonstrated in capillar}’" lumina. 

SuMiuARY OF Case. An 11 j^ear old 
colored girl who was admitted to the 


hospital with the suspected diagnosis of 
poliomyelitis went into sickle cell crisis. 
•Because of the clinical picture of “acute 
surgical abdomen” and the presence of 
gall stones, the gall bladder was removed. 
Death occurred 2 days later. The post- 
mortem examination revealed diffuse bi- 
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Fio. Z.—CcTchral cortfjr shows large area of softening in wliite matter. 
(Nigrosiu Stain, aecording to R. C. Beok^) 



Fig. 4. — Brain. Marked perivascular round cell infiltration within areas of ischemic softening. 


lateral cortical necroses of the kidney, di- 
fuse ischemic infarctions of the liver, 
ischemic necrosis of gall bladder and mul- 
tiple large foci of necrosis in the brain. 
Sickle cells and engorgement of capillaries 
were prominent but vascular thrombosis' 
was absent. The only condition to which 
all of the clinical symptoms and pathologic 
changes could be attributed was the pres- 
ence of marked sickling of red blood cells 
and anemia. 


Discussion. As indicated in the intro- 
duction, we found it difficult to reconcile 
the morphologic findings in this case with 
the current consensus, according to which 
the ischemic infarctions are attributable 
to capillary blockade followerl by arterial 
thrombosis. 

Capillary engorgement has often been 
described as a prominent finding. Diggs 
and Ching,® in particular, have drawn our 
attention to this phenomenon and it has 
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Fig. 5. Brain. Accumulation of “foam cells” within area of ischemic softening. 


been concluded that the odd-shaped, rigid 
erythrocytes block the capillaries. This 
process is supposed to initiate capillary 
stasis which in turn is followed by throm- 
bosis (Murphy and Shapiro,^'* Bauer^). 
Our case, likewise, shows marked capillary 
engorgement and areas are encountered 
where the packing of red blood cells re- 
sembles conglutination. 

An interpretation of these microscopic 
observations, in our opinion, must take 
into consideration the fact that capillary 
stasis, for the most part, is transitory in 
nature. Only exceptionally'^ are true capil- 
lary thrombi formed. It is hard to recon- 
cile the transitory character of the stasis 
with a mechanical blocking of the capil- 
laries by sickled cells. 

Reestablishment of capillary flow may 
conceivably come about by disintetration 
of red blood cells. Bauer^ postulates such 
disintegration resulting from “ conglutina- 
tion.” If the reestablishment of circula- 
tion, however, were due to massive disin- 
tegration of red blood cells in all of the 
static capillaries, we Avould e.xpect eA'idence 
of intravascular hemolysis. This has not 
been demonstrated. It has been pointed 
out that hemoglobinuria is absent 
(Haden^®), and destruction of red blood 


cells is, therefore, believed to take place 
in the reticuloendothelial system. 

As long as the red blood cells are 
“packed,” they cannot obtain sufficient 
oxygen to regain their spherical shape 
and elasticity. It is, therefore, obvious 
that the rigid sickled cell, unless destroyed, 
must pass as such through the bottle-neck 
when the crisis recedes. This can only 
be explained by widening of the capillary 
bed or increase of peripheral blood pres- 
sure. Hence, it is our opinion that the 
engorgement of capillaries does not result 
from purely mechanical block by sickled 
cells. We assume that functional changes 
of the peripheral vascular apparatus are 
the cause of stasis as Avell as reestablish- 
ment of blood flow. 

Artciialthroinhosis does not fully account 
for the ischemic necroses of inner organs. 
Our oAvn obserA'ation appears to be ample 
proof that other factors than mechanical 
occlusion may be responsible for this 
change. Thrombi, particularly in cere- 
bral Aiessels, undoubtedly occur in cases 
of uncomplicated sickle cell disease but 
not as consistently as one is led to believe. 

If one disregards the numerous state- 
ments of arterial thrombosis merely based 
on partially correct and partially errone- 
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ous quotations, the actual occurrence ap- 
pears to be limited to a relatively small 
number of cases. In fact, we have only 
been able to find definite evidence of 
thrombosis in the cerebral vessels in 4 cases 
(Hughes, Diggs and Gillespie;’- Connel;^ 
Tomlinson;’® Bridgers'*). Frequent refer- 
ence is also made to thrombi in lungs, 
spleen and other inner organs. 

In checking such references as are avail- 
able we have not been able to find con- 
vincing evidence. Wertham, Mitchell and 
Angrist®’ reported pulmonary infarctions 
and thrombosis (Case 1) but do not ex- 
clude its embolic origin. In their second 
case, pulmonary infarctions were found 
histologically but thrombosis was not 
mentioned. Mallory’®, reported numerous 
pulmonary infarctions in a case of sickle 
cell disease, complicated by sepsis and 
rheumatic fever. He stressed the fact that 
thrombi could hardly be found outside 
the infarcted regions proper. We infer that 
these thrombi were probably secondary to 
the tissue necrosis rather than their cause. 

Infarcts in the spleen, according to 
Diggs and Ching,® are common but they 
add that no thrombi in arteries or veins 
are noted. “Smaller arterioles,” however, 
show endarteritis and thrombosis. These, 
in our opinion, do not account for grossly 
noticeable infarctions. Wertham, Mitchell 
and Angrist,-’ for instance, reported an 
isolated recent infarct in the spleen with 
a mural thrombus in an arteriole which 
was included in the area of infarction. 
Wade and Stevenson'® spoke of areas of 
“pale staining necroses” in the spleen but 
reported no thrombi. Bridgers'* (Case 2) 
described a large splenic infarction without 
being able to demonstrate thrombi grossly 
or microscopically. Hein and Thorne" 
spoke of areas in the spleen which were 
grossly suspected to be infarctions but 
which upon lustologic examination failed 
to reveal necrosis. On the other hand, 
Bennett® reported thrombosis in small and 
medium-sized arteries in the spleen but 
no infarctions. 

Infarctions in the liver or, at least, foci 
of necrosis have been mentioned (Ben- 


nett®) but thromboses of hepatic arteries, 
to our knowledge, have not been recorded. 
Yater and Mollari®® described in detail a 
clot in the hepatic artery but admitted 
that it was probably formed after death. 
Thrombi in renal arteries are, likewise, 
not described, though scars in the cortex 
are frequently referred to as healing in- 
farctions (Graham,® and others) without 
evidence of thrombosis. We have not 
been able to find reference to thrombi in 
arteries of other organs though they are 
frequently mentioned in general state- 
ments. 

Thus, the search for arterial thrombi 
in siekle eell disease yielded surprisingly 
few conclusive reports, particularly when 
one takes into account the efforts which 
have been made to explain their patho- 
genesis. 

Stasis (due to capillary blockade and 
vasodilatation), endothelial damage (due 
to anoxia), and an increase of coagulating 
bodies in the circulating blood have been 
held responsible for the supposedly fre- 
quent occurrence of vascular thrombosis 
in sickle cell disease. The existence of 
capillary stasis cannot be questioned. 
Capillary thromboses may also occur, 
although in many reports in which they 
have been specificallj' mentioned, they 
have been seen within areas of necroses. 
The description of such thrombi is often 
inconclusive, and Wertham, Mitchell and 
Angrist®' stated that many of them, in 
their cases, were probably agonal. Most 
authors imply that the thrombi result 
directly from stasis, although our present 
knowledge of the pathogenesis of throm- 
bosis requires additional precipitating fac- 
tors. Murphy and Shapiro’^ refer to the 
experimental work of Pennell’® who dem- 
onstrated that disintegration of platelets 
is the result of their conglutination with 
red blood cells. Pennell, however, in his 
experiments and conclusions referred to 
“shed blood.” We still have no evidence 
that intravascular stagnation of blood 
flow alone without endothelial damage 
or changes in the coagulating properties 
of the blood leads to thrombosis. 
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Capillary thromboses at any rate are 
of relatively minor importance inasmuch 
as their occurrence is not consistent and 
inasmuch as they cannot bring about the 
massive foci of necroses in brain, spleen, 
kidney and liver, which are being dis- 
cussed. In order to explain these, thrombi 
in respectively large arteries must be 
demonstrated or vascular spasm ma.y be 
assumed. 

As pointed out before, ischemrc infarc- 
tions have been described more often 
without than with related thrombi. Fur- 
thermore, cases of sickle cell disease have 
been put on record and have been quoted, 
in which associated renal disease and hy- 
pertension may have been responsible for 
the vascular lesion (Wertham, Mitchell 
and Angrist;^^ Hughes, Diggs and Gillespie'' 
‘Case 2’). On the other hand, absence of 
thrombi in large vessels corresponding to 
the ischemic infarctions have been repeat- 
edly stated (Hughes, Diggs and Gillespie;'^ 
Wade and Stevenson;'® Bridgers;' and our 
own case). It can, therefore, be concluded 
that ischemic infarctions may occur in 
sickle cell disease with, and perhaps more 
often without, thrombotic occlusion of 
arteries. 

The cause of thrombosis of large arteries, 
if it occurs, has, as yet, not been satisfac- 
torily explained. Murphy and Shapiro" 
assume that stasis leading to thrombosis 
causes liberation of coagulating bodies into 
the circulation, thus accounting for throm- 
bosis of larger vessels. Their own observa- 
tions, however, regarding the prothrombin 
time in their case of sickle cell crisis shorv 
prolonged prothrombin time, heralding 
the approach of crisis, returning to 
“slightly beloAV normal.” It appears to 
us that these limited findings do not con- 
stitute a safe basis on which arterial 
thromboses can be explained. 

In the absence of thrombotic vascular 
occlusion, fat emboli have been thought 
of as playing a part in bringing about 
parenchymatous necroses. Wade and 
Stevenson,'® and Wertham, Mitchell and 
Angrist®' did not find changes in the bone 
marrow. The significance of so-called fat 


emboli remains questionable. In the first 
place, Wertham, Mitchell and Angrist®' 
did not find them consistently correlated 
to the foci of necrosis in the brain and, in 
the second place, they would hardly 
account for large wedge-shaped infarc- 
tions. In our case, Ave were unable to find 
fat in the capillaries of the brain. 

Finally, endarteritis has repeatedly been 
described and postulated as the primary 
cause of parenchymatous damage. En- 
dothelial proliferation with or Avithout 
hyalinization of arteriolar Avails has been 
obserA'ed several times in the brain and 
occasionallj'^ in the spleen. Bridgers' 
noted obliterating endarteritis in the brain 
of 1 of his cases; Yater and Hansmann®® 
report obliterating thromboangiitis of the 
lung Avith hypertrophy of the right heart 
in 1 ease. The findings of true obliterat- 
ing endarteritis cannot be regarded as an 
essential pathologic feature in sickle cell 
disease since they haA’^e been observed only 
exceptionally. In view of the relatiA^e 
frequency of sickle cell disease in the 
colored race and the extreme rarity of true 
endarteritis, the correlation appears to 
be coincidental rather than causative. 

Comment. If we confine ourselves to 
such pathologic observations that have 
been consistently reported in cases of un- 
complicated sickle cell disease, we find 
that little has been added since the presen- 
tation of this subject by Diggs and Ching® 
in 1934. The many A'^arieties of morpho- 
logic changes, hoAvever, are still not satis- 
factorily correlated. One group of phe- 
nomena reAmhdng around the hemolytic 
anemia includes the siderofibrosis of the 
spleen, hemosiderosis of liver and kidneys 
(Stasney"), the relatu’-e- frequency of gall 
stones (Weens®®), the hematologic changes 
in the peripheral blood as Avell as in the 
bone maiTOAV. The initial enlargement of 
the spleen and its subsequent atrophy and 
fibrosis may also belong to this group, 
although the pathogenesis of this process 
is not clearly understood. 

The second group of phenomena — to 
AA’hich AA’^e shall confine our comments — 
concerns circulatory disturbances. Ische- 
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mic necroses of inner organs, though fre- 
quently observed, arc not consistently 
found. They may or they may not he 
associated with organic changes in the 
vascular tree. Degenerative change.s in 
the vessel walls, endarteritis, thrombosis, 
and fat emboli have been described. The 
greatest handicap in the evaluation of 
these findings lies in the still relatively 
limited number of postmortem examina- 
tions. Not all of the previous reports 
permit a clear concept of the relationship 
between the vascular lesions and the sickle 
cell disease. It has been repeatedly sus- 
pected that coincidental diseases might 
actually have been the cause of vascular 
changes. 

In an attempt to correlate most of these 
phenomena we are inclined to fall back 
on our own observations, from which we 
have learned that extensive ischemic in- 
farctions may occur in uncomplicated cases 
of sickle cell disease without visible organic 
changes in the vascular tree. The same 
set of circumstances is encountered in 
other conditions. The changes in the liver, 
in our case, simulate closely those seen in 
severe eclampsia or in shock following 
extensive burns (Duffin*). Cortical necro- 
ses of the kidney have often been described 
in pregnancy and other apparently unas- 
soeiated conditions. The isolated infarc- 
tions of the spleen, kidney and brain have 
been described as the result of trauma 
without mechanical vascular occlusion. 
Neuberger*^ first pointed out that vascu- 
lar spasm is apparently responsible for 
such occurrence. We have repeatedly ob- 
served ischemic infarctions of kidneys, 
spleen, small intestine and brain, in post- 
traumatic cases in- which careful gross and 
microscopic search appeared to exclude 
satisfactorilj- a thrombotic occlusion of 
the responsible artery. 

Duft' and IMurray" have compiled the 
theories concerning the pathogenesis of 
bilateral renal necrosis and it appears 
reasonable to us to apply similar thoughts 
to the ischemic necroses in sickle cell dis- 
ease, If we suppose that the process is 
initiated by vascular spasms, it may be 


assumed that vasodilatation may follow 
and thiit the stagnation of blond fiow may 
re.sult in ischicmic necrosis of vessel walls, 
with subsequent throml)oses. Depending 
on the duration of the vascular spasm, the 
blood flow may be reestablished at any one 
of these stages and ischemic infarctions 
may thus be found with or without throm- 
bosis, with or without the degenerative 
changes in the vascular wall. Stasis, 
however; is most commonly found. 

Tomlinson’® finds the clinical signs and 
symptoms of sickle cell crisis referable to 
shock associated with rapid destruction of 
red blood cells. This proposition dove- 
tails readily into the previously mentioned 
hypothesis of vascular spasm as the initi- 
ating factor leading to parenchymatous 
necroses. 

The clinical record of our own case, as 
that of many others, shows typical sickle 
cell crisis but does not indicate an actual 
state of shock prior to the laparotomy. 
The laboratory data, however, are not 
sufficiently complete. The patient was 
not examined for relative hemoconcentra- 
tion and the plasma protein level was not 
determined. Actual shock was precipi- 
tated by the operation and it is likely that 
the blood pressure during the sickle cell 
crisis was maintained by peripheral vascu- 
lar spasm, assumed to occur during the 
pre-shock stage. 

The sequence of events, as we see it 
at this time, presents itself as follows: 
1. Accepting Tomlinson’s theory as a 
working hypothesis, the sickle cell crisis 
constitutes an equivalent to pre-shock or 
shock. The crisis may be initiated by 
various factors which produce a decrease 
of oxygen in the peripheral blood. It is 
characterized by rapid blood destruction 
and an obviously mounting diminution of 
the oxygen-carrying capacity of the red 
blood cells. The mere fact that the 
erythrocytes are sickled proves that they 
do not carry sufficient oxygen. In accord- 
ance with our present concept, peripheral 
vascular spasms may at least temporarily 
maintain normal blood pressure, but it 
will also increase tissue anoxia, leading to 
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further sickling and to tlie introduction 
of a Aucious cycle. 

2. The peripheral vascular spasm may 
lead directly to ischemic necrosis in inner 
organs or may be folloAved by capillary 
dilatation or stasis. During this phase 
of failure of peripheral circulation the 
capillaries are “engorged” and “packed” 
with sickle cells. We regard this phe- 
nomenon as a result rather than the cau.se 
of capillary stasis. 

3. Local ischemia of tissue and capillary 
walls maj" result in organic damage to the 
vessel walls, degenerative changes, throm- 
bosis, resulting further in superimposed 
infarctions. 

We are presenting this hypothesis as a 
plausible explanation of the multitude of 
findings, all of Avhich can be traced directlj'- 
to various phases of one and the same 
process. It explains the frequent reports 
of ischemic infarctions without vascular 
thrombosis, as Avell as the occurrence of 
thrombi. It eliminates the concept of 
primar 5 '’ capillary blockage which cannot 
be correlated to gross infarctions without 


assuming an unrelated process in larger 
vessels. 

Summary. 1. A case of sickle cell dis- 
ease is reported in which cholecj^stectomy 
in sickle cell crisis resulted in death of 
the patient. 

2. Multiple large foci of ischemic necro- 
sis were observed in inner organs. The 
changes in the brain resembled those of 
Schilder’s encephalitis, those in the liver 
simulated the changes in eclampsia, those 
in the kidneys bilateral cortical necrosis. 

3. No organic changes in the vascular 
tree Avere observed. Thrombi, in particu- 
lar, Avere aljsent. 

4. A reAueAV of the literature in contrast 
to the current opinion reveals the incon- 
sistency of Amscular changes, thromboses 
and the lack of correlation betAveen paren- 
ch^'^matous, necroses and mechanical vas- 
cular occlusions. 

5. A theory is presented intending to 
correlate the multitude of morphologic 
findings Avith particular reference to ische- 
mic infarctions of inner organs in sickle 
cell disease. 
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Diphenhydramine hydrochloride (ben- 
adryl hydrochloride or beta-dimethylamin- 
oethyl benzhydryleth erhy drochloride) 
and tripelennamine hydrochloride (pyri- 
benzamine hydrochloride)or N,N-dimethyl 
-N'-benzyl-N'-(alpha-pyridyl) ethylenedi- 
amide hydrochloride are now being used 
extensively as adjuncts to the therapeutic 
armamentarium in the treatment of der- 
matoses characterized by pruritus, espe- 
cially those with cutaneous edema, such 
as urticaria and angioneurotic edema. 
Our study was undertaken in order to 
evaluate thenylene hydrochloride [N',N- 
dimethyl - N' - (alpha - pyridyl) - N' - 
(alpha-thenyi) ethylenediamine hydrochlo- 
ride], a new addition to the group of anti- 
histamine drugs. We wish to record our 
experience vdth its therapeutic efficacy in 
dermatologic conditions, its untoward re- 
actions, and an incidental observation of 
the relative merits of the 3 drugs, thenyl- 
ene, benadryl and pyribenzamine. 

Thenylene hydrpchloride is a white 
crystalline material possessing antihista- 
mine qualities. It is non-hygroscopic but 
readily soluble in water. Studies by the 
originators of the drug (Abbott Labora- 
tories) on isolated portions of the ileums 
of guinea pigs and intestines of rabbits 
have shown that thenylene has definite 
activity in preventing or abolishing spasm 
produced by histamine. In animals it has 
a negligible effect on blood pressure when 
given intravenously in doses of less than 
1 mg. per kg. of body weight. 

Data on 12(5 patients treated with 
thenylene at the Mayo Clinic will be pre- 
• ( 20 ) 


sented in this report. Thenylene has been 
used in the treatment of additional pa- 
tients, hut sufficient observations have 
not been made on them to allow inclusion 
of this part of our experience in this pre- 
liminary report. The 126 patients con- 
cerning whom we are reporting had a 
variety of dermatologic conditions. About 
50% were hospitalized during at least 
part of our observation and about 50% 
were seen as out-patients only. All of 
the patients received regular dermatologic 
care, such as application of soothing 
lotions, ointments, wet dressings and so 
forth. This fact renders a statistically 
valid report impossible, but we have at- 
tempted in so far as possible to evaluate 
the patient’s reactions to the antihista- 
mine drugs studied. All of the patients 
received then^'lene; 39 received both bena- 
dryl and pyribenzamine in addition to 
thenylene; 8 received benadryl and thenyl- 
ene, and 5 received pjTibenzamine and 
thenylene. The dosages used varied but 
in general benadryl and pyribenzamine 
were given by mouth in doses of 50 mg. 
3 or 4 times a day and thenylene in doses 
of 100 mg. 3 or 4 times a day. No patient 
received treatment with more than 1 of 
these drugs at a time. 

The observations are summarized in 
Tables 1 to 5. The responses have been 
classed arbitrarily into 3 categories: defi- 
nite improvement, slight improvement 
and no improvement. In most cases pru- 
ritus was tile symptom which responded 
to treatment. In the cases of urticaria 
and angioneurotic edema relief or im- 



KIERLAND, POTTER: THENYLENE HYDROCHLORIDE 


21 


provement was indicated by lessening or 
abolition of edematous wheals or plaques 
as well as cessation of the pruritus. In 
the cases of dermatitis venenata and ec- 
zema improvement meant not only partial 
or complete relief from pruritus but in 
some cases the drugs seemed to hasten 
the resolution of vesicular dermatitis. It 
is not possible to separate the role of local 
and general supportive treatment from 
that played bj" the drugs under considera- 
tion. In our data many dermatoses were 
represented, but for the sake of simplicity 
and because the number of cases in the 
different categories was for the most part 
so small, many cases were included in the 
group called “miscellaneous conditions.” 
The miscellaneous group consisted of cases 
of dermatitis venenata, exfoliative der- 
matitis of unknown etiology, mycosis 
fungoides, dermatitis herpetiformis, sub- 
acute disseminated lupus erythematosus, 
erythema nodosum, secondary sensitiza- 
tion dermatitis due to overtreatment and 
others. 

The data regarding the 126 patients 
who received thenylene are summarized 
in Table 1. In all, 86 (68.2%) gained 
some degree of relief. For certain of the 
conditions little was anticipated from the 
use of this drug. For atopic dermatitis 
the main effect anticipated was some re- 
lief from the paroxysms of pruritus which 
usually accompany this condition. Of the 
28 patients who had atopic dermatitis, 
18 obtained varying degrees of relief. On 
the other hand 10 of these patients felt 
the drug was ineffective in ameliorating 
the pruritus. It is noteworthj^ that those 
who had urticarious lesions, whether acute 
or chronic, gave the most satisfactory re- 
sponse. In the urticaria and angioneurotic 
group were cases in which the etiology 
was known as well as some in which it 
was unknown. Four out of 5 patients 
who had anal or ^mlval pruritus were 
helped. In the miscellaneous group the 
best response was obtained in cases of 
acute dermatitis venenata. 

Of the patients, 47 were gi^"en benadryl 
as well as thenylene (Table 2) ; 33 (70.2 %) 


were benefited by use of benadryl. Of 
the 44 patients who received pyribenza- 
mine, 24 (54.5%) were helped (Table 3). 

The proportion of patients in the 4 
diagnostic categories of Tables 1, 2 and 3 
are roughly the same. The tables, there- 
fore, lend themselves to a rough compari- 
son of responses obtained. It should be 
pointed out that although some patients 
received all 3 drugs, all did not. The 
patients were not chosen for this study 
in anj'- particular way. They were seen 
by different physicians who had available 
3 preparations, thenylene, benadryl and 
pyribenzamine. The observations are 
thus those of the patients and the various 
physicians who frequently prescribed 1 
preparation and tried another only if 1 
of the others failed to help. Certainly no 
statistically valid conclusions can be 
drawn, yet the material is extensive 
enough to allow clinical observations of 
the effects of these drugs. 

Comparison of the results of use of the 
3 drugs revealed that 70.2% of the pa- 
tients objectively showed or subjectively 
felt improvement from use of benadryl, 
68.2% from use of thenylene, and 54.5% 
from use of pyribenzamine hydrochloride. 
The response varied markedly in the dif- 
ferent groups by diagnostic classification. 
In cases of urticaria and angioneurotic 
edema the objective change following 
treatment, namely, decrease in size or dis- 
appearance of the wheals, could be ob- 
served best. Also the condition is defi- 
nitely one resulting from extravasation 
of fluid which causes localized edema and 
thus is directly responsive to anthistamine 
preparations. As expected, all of the drugs 
showed the most marked activitj-^ in this 
group. Out of 25 patients, 22 were helped 
with thenjdene, 7 out of 9 with benadryl, 
and 6 out of 7 with pjTibenzamine. Thus 
in our experience for a condition respond- 
ing to the direct antihistamine properties 
of the drugs all 3 were of relatively equal 
value. 

Of 28 patients, who had atopic der- 
matitis 18 felt that thenylene gave them 
relief from pruritus, while 12 of 14 and 
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Table 1.— Therapeutic 

Effectiveness 

OF Thbxylexe 



Dpjrrpo of improveznent (cas'^s) 






Total 


Definite 

Slight 

None 

cases 

Atopic dermatiti.s 

. . 11 

7 

10 

2S 

Eczema* ... .... 

. . 11 

17 

11 

39 

Urticaria and angioneurotic edema . 

. . 19 

3 

3 

25 

Miscellaucous conditions . 

. 9 

9 

10 

.34 

Total .... , . 

. 50 

30 

40 

120 


* Other than dassiciil aloijie clerinatitis iiichidin;;; multiple lichen sitnplox chronjeus, nummular 
eczema, exudative ncuroderniatitis, and .-^o forth. 


T.\ni,i; 2.— Tiir.iufKL- 


Dia;xnn>i>, 

■Ytopie dermatiti.s 
Eczema* 

Urticaria and ancioneurotic edema 
Miscellaneous conditions 

Total 

* Other than classical atopic dermatitis inci 
eczema, oxudatir'o nourodonnatitis, atid so forti 


En'KCTivKxES.s OF JBkn'adrvi, 


Degree of iiiiprovemeiit (eases 


Definite 

SHsht 

None 

Total 

cases 

7 

0 

2 

14 

0 

4 

5 

15 

7 

0 

2 

9 

. 1 

2 

0 

9 

21 

11 

15 

47 

ig: multiple 

lichen simplex chronicus, nummular 


Table ,3.— Tiinnvect Tic EfFitcTivExnss of PvitinE.vMMi.vB 



Desree of improvement (cases) 

Total 

Diagnosis 

Definite 

SHcht 

None 

e.ases 

.-Itopio dermatitis 

2 

4 

0 

12 

Eczema* 

. . 4 

5 

5 

14 

Urticaria and angioneurotic edema , 

0 

0 

1 

7 

Miscellaneous condition.s 

1 

2 

S 

11 

Total 

13 

11 

20 

44 


* (Jther than clas.sical atopic dermatitis ineludint:; multiple lichen simplex chroniciis, nummular 
eczema, exudative neurodermatitis, and forth. 


Tabi.e -t.— I’ atiext.s Prefebrixg a Certain Drug 


Diagnosis 

Tln'nylpue 

Benadrjl 

Pyribenza- 

mine 

.\topic dermatitis . 

2 

3 

3 

Eczema* 

o 

1 

0 

Urticaria and angioneurotic edema 

4 

0 

0 

Miscellaneous 

I 

0 

0 

Total 

10 

4 

3 


* fttlier than classical atopic dermatitis includiu}:: multiple lichen simplex 
cM'zcma, exudative neurodermatitis, and .so forth. 


Total iiaticnts 


With Taking all 
preference 3 drug^ 


12 

13 

II 

S 


17 30 

chronicus, num mular 


Table 5.— Uxtoavabd Reactions With Thexylene 


Pymptom 

Dro\vsme.ss 

Dizzinet-s 

Vomiting and g.a.stro-intestinaf upset 

Headaelie . 

Insomnia 

Xervousne.-.s • . 

Urinarx’ difficulty 
Bitter taste in mouth 


Xo. 

reactions 

10 

5 

5 

3 

1 

1 

1 

1 
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() of 12 felt benadryl and jiyribenzamine, 
respectively-, helped them. Here the pa- 
tient’s subjeetive valuation is paramount. 
The greater sedative effect of the l)enadryl 
probably accounts for its better showing. 
Patients with atopic dermatitis benefit 
generally from sedation and on direct 
questioning several of this group stated 
that they preferred benadryl to the others 
because of its greater quieting effect on 
them generally. 

Thirty-nine patients received treatment 
with all 3 drugs at different times. Only 
17 of this group expressed a definite prefer- 
ence for 1 preparation over the others. 
These preferences are listed in Table 4. 
This table is based entirely on the prefer- 
ences of the patients. Although the pa- 
tients who received treatment with all 
3 drugs represent only a part of the whole 
group, it is somewhat surprising that the 
apparent superiority of benadryl in atopic 
dermatitis, as previously mentioned, is 
not evidenced by this group. Untoward 
reactions understandably figured largely 
in the patient’s comparison of the drugs. 

Untoward reactions to thenylene are 
listed in Table 5. A patient sometimes 
had more than 1 reaction. If such was the 
case each symptom has been noted so that 
in this table the number of times each 
reaction was experienced bj^ the entire 
group is given rather than the number 
of patients in the group who noted reac- 
tions. Ten of the 126 patients, taking 
thenylene, complained of drowsiness as 
did 3 of the 47 taking benadryl, and 1 of 
the 44 taking pyribenzamine. For the 
most part drowsiness when it occurred 
with benadryl was more marked than 


with either, of the other drugs and rela- 
tively more patients who were taking 
benadryl experienced a slight sedative 
effect not classified as an untoward reac- 
tion. A patient who had benign prostatic 
hypertrophy had increased difficulty in 
voiding while he was taking thenylene, 
and he also experienced the same difficulty 
during treatment with both benadryl and 
pyribenzamine. The aggravation of the 
difficulty ceased with discontinuance of 
use of these drugs. In our group no serious 
toxic reactions were experienced although 
it was necessary to stop medication in 
several cases. Patients intolerant to one 
drug frequently could tolerate another. 
No cumulative effects were noted. Brom- 
sulfalein tests of liver function were con- 
ducted on 4 of the patients who had taken 
thenylene in daily doses of from 0.3 to 
0.4 gm. for 9, 17, 36 and 43 days, respec- 
tively. There was no retention of dye in 
any of these cases. 

Summary and Conclusions. A clinical 
evaluation of thenylene, a new drug with 
antihistamine properties, shows it to be 
of definite value in treatment of certain 
dermatologic conditions. Its most marked 
effect was in treatment of dermatoses, 
such as urticaria and angioneurotic edema 
which are characterized by cutaneous 
edema. With few exceptions oral doses of 
from 50 to 100 rag. 3 or 4 times a day 
led to lessening* or disappearance of such 
edema. No cumulative effect was noted 
and untoward reactions were minimal. A 
clinical comparison of the results of treat- 
ment with thenylene, benadryl -and pyri- 
benzamine revealed a high degree of 
similarity 
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Acute dissecting aneurysm of the aorta 
is seen rather infrequently. At the Mas- 
sachusetts General Hospital 30 such cases 
were'seen from 1897 to 1946,= and of these 
30 cases, a correct antemortem diagnosis 
of dissecting aneurysm of the aorta had 
been established in 10. 

^ It is not the purpose of this communica- 
tion to reemphasize the clinical picture, 
nor to enumerate the symptoms and signs. 
These have been admirably done in lit- 
erature and text. Rather it is concerned 
with the reporting of an observation here- 
tofore not described or reported in the 
literature reviewed. It was of sufficient 
significance to establish a diagnosis of 
acute dissecting aneurysm of the aorta at 
a time when the clinical diagnosis seemed 
to be iliac embolism, and when the idea of 
operative interference was entertained. 
Tlie literature contains reports of cases in 
which operative relief was attempted for 
supposed iliac thrombosis or embolism in 
which the phenomena associated wth the 
latter were really a part of the picture of 
acute dissecting aneur^'sm of the aorta.=-= 

^ Climcal Abstract. A white female, aged 
52, without a liistory of previous illness or 
trauma, suddenly had severe non-radiating 
chest pain, followed in a few moments bj' 
lower abdominal pain, and shortly thereafter 
bj’ pain in the left leg. She then noted numb- 
ness and tingling, and inability to move the 
leg. Examination 1 hour after the onset 
showed the pulse to be slow and regular. 
The blood pressure was 158 (s 3 'stolic) and 68 
(diastolic), measured in mm. of mercuiy'". 
Tlie lieart sounds were distant. There was 


pallor of the left leg, and it felt colder to the 
touch than did the right leg. There was 
absence of sensation to touch and pin. 
There was almost complete inability to move 
the leg. Femoral pulsation was absent on 
the left but present on the right side. The 
symptoms and findings, namely pallor, low- 
ered surface temperature, loss of sensation 
and muscle power, and absence of pulsation 
in the arteries of the involved extremit 3 ', were 
t 3 'pical of those found in embolism of the 
femoral or iliac arteries. Within one-half 
hour there appeared an area of purplish dis- 
coloration, about 10 cm. in diameter, in the 
skin of the left lower abdominal quadrant. 
The presence of this area of ecchymosis sug- 
gested the likelihood of the iliac obstruction 
being merely a part of a more extensive 
process; and that the ecch 5 Tnosis represented 
bleeding from the left deep inferior epigastric 
artery. A diagnosis was thus made of a dis- 
secting aneurysm of the aorta with involve- 
ment of the iliac artery and the deep inferior 
epigastric artery, the latter involvement pro- 
ducing the ecchymosis. Several hours later 
an area of ecch 3 Tnosis appeared in the skin 
of the right lower abdominal quadrant. The 
patient had not voided for some 20 hours, 
and although the bladder was not distended, 
it w^as catheterized, 15 cc. of non-bloody 
urine being obtained. Since subclinical shock 
w'as not manifest for some hours after the 
onset, it was felt that the shock did not con- 
tribute entirely to the anuria, but that the 
renal arteries were involved in the dissecting 
process. Similarb'^, the stools contained fresh 
blood, suggesting involvement of the inferior 
mesenteric artery. 

The patient became increasingly restless 
and c 3 ’'anotic (the usual supportive therapy 
was given throughout, including transfusions 
of plasma and wliole blood; oxygen, etc., and 


^ supported fay tlie Rlicliael Reese Research Foundation. 
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died 30 hours after the onset of the initial 
symptoms. 

Autopsy. (Only the most important 
findings shall be mentioned.) The purplish 
discoloration which had been noted clinicallj'' 
was present in the skin over the lower 
abdominal quadrant. The subcutaneous tis- 
sue and the adjacent muscles also disclosed 
foci of hemorrhages. The peritoneal cavity 
contained approximately 1000 cc. of yellow- 
ish, slightly hemorrhagic, but otherwise clear 
liquid. Foci of hemorrhages were present 
just beneath the peritoneum of several loops 
of small intestine. The heart with the at- 
tached pericardium weighed 450 gm. The 
epicardium was covered with small fibrinous 
excrescences beneath which a number of 
minute hemorrhages were noted. These 
hemorrhages were particularly pronounced 
at the base of the heart and along the course 
of the coronaiy arteries. The ascending and 
descending aorta when inspected before 
opening, appeared purplish gray. The val- 
vular apparatus was intact. The left ventric- 
ular wall measured about 13 mm. in thick- 
ness; the right, 3 mm. A number of sub- 
endocardial hemorrhages were noted in the 
right auricle and right ventricle. The myo- 
cardium was firm and reddish brown. Mod- 
erate to severe arteriosclerosis was found in 
both coronaiy arteries. Their lumens were 
patent. The aorta throughout its length, 
the proximal portions of the great vessels of 
the neck, the common and external iliac 
arteries and femoral arteries resembled a 
double barreled tube. The adventitia and 
media were separated by a moderate amount 
of partially liquid and clotted blood. Within 
the ascending aorta about 2 cm. above the 
anterior cusp of the aortic valve there was a 
Y-shaped ragged tear in the intima. This 
tear was present in an atheromatous ulcer 
which measured about 0.8 x 2 cm. in its 
greatest diameter. The surrounding intima 
was calcified and undermined by hemor- 
rhagic material. The tear within the base of 
the ulcer communicated freety with the space 
between the media and adventitia of the 
aorta. The tear also communicated with 
various subepicardial spaces. 

The dissection had extended into the 
femoral arteries and from there cranially 
along both inferior epigastric arteries. The 
dissection also involved both renal arteries 
and the mouth of the inferior mesenteric 
arter3^ 


A number of hemorrhages were found 
throughout the mucosa of the transverse and 
descending colon, but were most pronounced 
in the sigmoid and rectum. 

Microscopic examination of the aorta dis- 
closed severe arteriosclerosis and a number 
of typical atheromatous ulcers. Nowhere was 
any evidence of syphilis or medial necrosis 
observed. 

Summary. At the autopsy of a 52 year 
old white female, marked arteriosclerosis and 
atheromatosis of the aorta was present with 
formation of atheromatous ulcers. One of 
these, located in the ascending aorta just 
above the aortic valve, had ruptured tlmough 
to the media and caused a large dissecting 
aneurysm extending along the ascending 
aorta, arch, and descending aorta. From 
there the hemorrhage had extended along 
both inferior epigastric arteries and had 
produced a subcutaneous hemorrhage in 
the I'egion of the lower abdominal quadrant. 

Discussion. In this case of dissecting 
aneurysm of the aorta there was present 
an unusual clinical sign heretofore unde- 
scribed. The immediate clinical picture 
was one of left iliac embolism, and surgical 
intervention was entertained. However, 
by virtue of the area of ecchymosis in the 
skin of the lower abdomen, it was felt 
that Avhat first appeared to be a left iliac 
obstruction was merely a part of a more 
extensive process, and that the patient 
had a dissecting aneurysm, involving 
among other vessels the external iliacs, 
and extending on through the deep inferior 
epigastric arteries. Surgical intervention 
was thus obviously not undertaken. 
Autopsy revealed the anticipated involve- 
ment. 

Conclusions. In a patient Avith find- 
ings indicatiA’^e of acute embolic occlusion 
of the iliac artery, the presence of ec- 
chymosis of the abdominal wall suggested 
the diagnosis of acute dissecting aneurysm 
of the aorta, the ecchymosis resulting from 
inA’-oh'^ement of the deep inferior epigastric 
arteries. Pathologic studies confirmed this. 
To our knoAAdedge, this obserAmtion has not 
been previously recorded. 
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One of the greatest advances in the use 
of sulfa drugs is unquestionably the recent 
introduction of multiple sulfonamide ther- 
apy. The investigations by Frisk, Hager- 
man and co-workers®'^’® and by Lehr'^ have 
shown that the solubility of a given sulfa 
drug in plasma and urine is practically 
not affected by the presence of other sul- 
fonamides. Thus all the undesirable side 
reactions which are due to the rather low 
solubility of the various sulfa drugs can 
be greatly reduced if mixtures of several 
sulfonamides are given. While most of 
the clinical work so far has been restricted 
to combinations of 2 sulfa drugs, it 
was only logical to extend this idea to 
triple sulfonamide mixtures. Such an ex- 
tension is made possible by the fact that 
the 3 most commonly used drugs of this 
group, namely, sulfadiazine, sulfamera- 
zine and sulfathiazole, are quite similar 
in their antibacterial activity and thus 
are interchangeable in the majority of 
conditions requiring this type of therapy. 
Frisk^ has reported that such a triple 
sulfonamide mixture has been used in 
Sweden “in many hundreds of cases of 
acute pneumonia with good results and 
tolerance and without any known cases of 
renal calculi, also with increased doses in 
many cases of gonorrhea.” 

The main interest in multiple sulfona- 
mide therapy has centered around the 
reduction of renal complications, particu- 
larly crystalluria. The latter has been 
reported to be present in from 26 to 28 % 
when administering sulfadiazine or sulfa- 
merazine alone.^ It can be reduced to 
6 % when a combination of 2 drugs, sulfa- 
diazine and sulfamerazine, is used,^ and 


it can be further reduced to below 3 % 
when adequate amounts of systemic alka- 
lizers are added to a mixture of 2 sulfa 
drugs.^® 

In the present study, we have extended 
our investigation of multiple sulfonamide 
therapy to the use of a mixture consisting 
of sulfadiazine, sulfamerazine and sulfa- 
thiazole without any alkalizing salts. The 
preparation was composed of: sulfadia- 
zine (microcrystalline), 3.5% (wt. voh); 
sulfamerazine (microcrystalline), 3%; and 
sulfathiazole (microcrystalline), 3.5%; in 
an aromatized aqueous suspension base.* 
The reason for supplying smaller propor- 
tions of sulfamerazine was due to the fact 
that this drug is excreted at a slower rate 
than the other 2 components and is, there- 
fore, needed in smaller amounts. 

The preparation was given to 28 un- 
selected patients mostly surgical cases re- 
quiring sulfonamide therapy. The initial 
dose was from 20 to 40 cc., representing 
from 2 to 4 gm. of total sulfonamides fol- 
lowed by 10 cc. = 1 gm. of total sulfona- 
mides every 4 hours. Blood samples were 
taken repeatedly during the treatment 
and urine specimens were collected from 
each voiding. The group consisted of 
18 men and 10 women ranging in age from 
16 to 74 years. Altogether 101 blood and 
218 urine specimens were obtained and in 
all samples the concentration of free and 
total sulfonamides was determined. In 
addition all urine specimens were inspected 
microscopically for sulfa crystals (free and 
acetylated), and, when present, the crys- 
tals were identified by a qualitative chemi- 
cal test. 

The average blood concentration was 

(27) 
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found to be 7.8 mg. of free and 8.5 mg. 
of total sulfonamides. These figures repre- 
sent exactly the values which could be 
expected from the known average blood 
levels for each of the 3 sulfonamides if one 
considers their relative proportions in the 
medication. Thus it can be concluded that 
the absorption of each sulfonamide is not 
interfered with by the presence of the 
other components. This is in full accord 
with earlier observations by Oettinger and 
Cronheim*^ on dual sulfonamide mixtures. 


while in most instances it was used as 
specific treatment. Penicillin in conjunc- 
tion with the sulfonamide mixture was 
administered to approximately one-half of 
the patients. No serious side-effects were 
observed. In no case was it necessary 
to discontinue the drug. One patient 
complained of nausea throughout the 
course of therapy. 

The urinalysis show'ed that over 80% 
of the specimens had an acid reaction. 
Unfortunately, it was impossible for tech- 



Rate of conjugation in % 
Fig. 1.— Acetylation of sulfonamides in Blood. 


The figures also indicate that the acetyla- 
tion of the sulfonamides in the blood is 
remarkably low, with an average of 8%. 
A more detailed distribution is showm in 
Figure 1. It can be seen that in more 
than half of all samples the amount of 
acetylated sulfonamides did not exceed 8 %. 

From a clinical standpoint, the attained 
blood levels were fully satisfactory, as 
evidenced by the fact that the patients 
responded to the sulfonamide therapy in 
the usual manner. In some instances, the 
preparation was given prophyJaeticalJy 


nical reasons to make accurate pH deter- 
minations or measure the total urine 
volume for complete excretion studies. 
How'ever, the concentration of free and 
total sulfonamides could be determined 
in ail specimens, thus giving accurate data 
for the degree of acetylation in urine. 
The figures indicate that an average of 
83% of the excreted sulfonamide is in the 
free form. A more detailed breakdown 
on the data is presented in Figure 2. It 
shows that in about two-thirds of all 
urine specimens less than 20% of the ex'- 
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creted sulfonamides were in the conjugated 
form. This indicates a lesser degree of 
acetylation than has been reported for 
single sulfonamides (Table 1). 

The total number of urine specimens 
containing sulfa crystals was 6, correspond' 
ing to 3%. Three of these specimens 
were from 1 patient who during a previous 
illness had shown an unusual susceptibility 
to sulfa drugs. The other 3 samples were 
from 3 different patients. In each case 
the crystals were so few that they did not 
require interruption of the treatment, and 
were not found in subsequent urine 
samples. 


Discussion. It is generally agreed that 
the main limitation in sulfonamide ther- 
apj'^ has been the danger of kidney damage 
from the precipitation of the free or con- 
jugated drug. While it is possible to 
reduce this danger by the simultaneous 
administration of alkali the amounts re- 
quired to be effective are so great that 
they cannot be used indiscriminately for 
several reasons: they might lead to alka- 
losis, they present an additional load on 
the gastro-intestinal tract and the kid- 
neys, and they are definitely contraindi- 
cated in patients with renal or cardiac 
insufficiency. In addition, large amounts 



Rate of conjugation in % 

Fig. 2. — Acetylation of sulfonamides in Urine. 


Tabi.e 1.— Degree op Acetylation (%) 


Drug Blood 

Sulfadiazine 10 

14 

16 

Sulfamerazine 11-lS 

Sulfathiazole 12 

24 

25 

Triple sulfonamide mixture . . S 


Urine 

Reference 

30 

Wheeler'S 

30 

Reinhold" 


Flippin" 

Over 40 

Murphy" 

14 

Sadusk's 

26 

Reinhold's 


Flipping 

17 

Present investigation 



of alkali depress considerably tbe blood 
concentration of sulfonamides® and there- 
by reduce the efficacy of the medication. 

All these dangers are avoided when 
multiple sulfonamide therapy is used. 
Table 2 summarizes how the incidence of 
crystalluria is reduced. The figures clearly 
indicate the superiority of sulfonamide 
mixtures. 


fonamides are conjugated responds, not 
to the total concentration of circulating 
.sulfa drugs, but “processes” each sul- 
fonamide as a separate chemical com- 
pound in accordance with its low indiwd- 
ual concentration. Whatever the explana- 
tion might be, the fact that there is less 
acetylation should make multiple sulfona- 
mide therapy more efficient since only 


Table 2.— Crystallukia in Sulfonamide Therapy 


Crystallnriii 


Drug given during 24 liour period (%) 

4-0 gm. sulfadiazine 2S 

4-6 gm. sulfamerazine . 20 

4-6 gm. sulfadiazine + sulfamerazine .... 0 

4 gm. sulfadiazine -f sulfathiazole -f systemic al- 
kalizers equivalent to 0.6 gm. of sodium 

bicarbonate 3 

4 gm. sulfadiazine + sulfamerazine -f- sulfathia- 

zole . 3 


Reference 

Flippin' 

Flippin* 

Flippin* 


Oettinger and Cronheim'* 
Present investigation 


It should be pointed out that multiple 
sulfonamide mixtures not onlj' reduce the 
incidence of crystalluria, but have other 
advantages which might prove to be 
equally important. Due to the greater 
tolerance of this type of preparation, it is 
possible to increase the total dose of sul- 
fonamides so as. to obtain higher blood 
levels. This is desirable not only in cer- 
tain types of infections such as meningitis, 
where the drug has to cross the hemato- 
cephalic barrier and pass into the cerebro- 
spinal fluid, but also in cases where the 
pathogenic organisms show an increased 
resistance to sulfonamides. 

Another factor in favor of multiple sul- 
fonamide therapy is the low rate of 
acetylation which has been found in this 
and earlier studies.®'*” '* This applies to 
both blood and urine as can be seen from 
a comparison of tbe data presented in 
Table 2. The observations seem to indi- 
cate that tile mechanism by which sul- 


the free form of the sulfa drugs has a 
bacteriostatic action. This view is in full 
accord vdth the observations by Lehr and 
his co-workers who emphasized repeatedly 
the rapidity of the therapeutic response 
to mixed sulfonamides. 

Summary. A mixture containing sulfa- 
diazine, sulfamerazine and sulfathiazole 
in microcrystalline suspension has been 
studied with regard to absorption, excre- 
tion and crystalluria. 

Adequate blood levels are maintained 
on the usual dosage schedule of from 2 
to 4 gm. of total sulfonamides initially 
followed by 1 gm. every 4 hours. 

The incidence of crystalluria is ex- 
tremely low even though no alkali vas 
administered in any form. In "o case 
was it necessary to discontinue drug 
treatment. 

The acetylation of the sulfonamides in 
lioth blood and urine seems to be notice- 
ably reduced. 


* This preparation was supplied by the S. E. Massengiil Company, Bristol, Tennessee. 

Tbe authors are indebted to Palmer A. AVare and Dorothy E. A*^aughn for technical assistance in 
tills inve.stigation. 
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The role of fat in tlie diet has re- 
cently aroused widespread interest as 
to its effect in producing atlierosclerosis, 
arteriosclerosis, and by the same token, 
coronary artery disease. This report 
is the first in a series by the authors 
as a study in the role of the diet (par- 
ticularly its fat component) tlie liver, 
blood plasma colloid disturbances, and 
the reticuloendothelial system in caus- 
ing coronary artery disease and sys- 
temic arteriosclerosis. 

Contradictory reports exist on the 
relationship of the blood cholesterol 
to atherosclerosis, coronary artery scler- 
osis and arteriosclerosis. Some autliors 
report hypercholesteremia in these 
disease*- and others report normal 
blood .eslerol levels. We believe 
that thc-se! discrepancies may be ac- 
counted for by differences in variable 
technical procedures, sex and age varia- 
tions, uncontrolled dietary habits dur- 
ing the study and clinical diagnosis 
of the disease subject to marked varia- 
bility in intei-pretations by tlie various 
autliors. 

It has been pointed ouri tliat the 
blood serum cholesterol and tlie cho- 
lesterol ester are constant in normal 


subjects and are accurate gauges of 
the blood lipid level. We therefore 
used the blood serum cholesterol and 
ester as an index of blood lipid concen- 
ti-ation. If the fat in the diet should 
raise the blood lipid level the blood 
cholesterol and ester would correspond- 
ingly rise. 

Certain recent reviews dealing wtli 
die etiology of coronary artery disease 
have ascribed considerable significance 
to disturbances in cholesterol meta- 
bolism®’*®’^^. This concept was origin- 
ally proposed by Virchow*® and by 
Aschoff® and was known as the Imbibi- 
tion Theory*®. Tliis theory assumes 
diat lipids from the plasma are ab- 
sorbed directly through the endothel- 
ium into die intima and under certain 
conditions cholesterol and cholesterol 
esters are deposited there. Virchow 
believes that first the connective tissue 
ground substance of die arterial intima 
had to be weakened by mechanical 
strain. Aschoff emphasized the im- 
portance of increased blood concen- 
trations of cholesterol and esters in 
adierosclerosis. 

Klotz® and Leary® have advanced 
the concept of a disordered cholesterol 


* Studies supported !)>’ the Researcli Fund, Los Angeles County General Hospital, C.S.C. 
Piuamiaceuticais, and the American Medical Association, Council on Pharmacy and Chemistiy, 
Committee on Tlierapcutic Research (Grant “600). 

tRead before the .American Society for the Study of Arteriosclerosis, Chicago, November 
Srd, and the W'estem Socictv for Clinical Research, San Francisco, November 7th, 1947. 
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metabolism also, but differ from the 
above tlieories in tlieir belief that the 
lipids are brought to tlie vessel wall 
by cellular elements essentially within 
the vessel wall and are deposited there. 
Leary believes that there is some de- 
fense mechanism which removes excess 
cholesterol from the arteries. The cho- 
lesterol esters ai'e ti'ansported from 
wandering “foam” cells to fixed fibro- 
blasts in the arterial wall, tliereby re- 
sulting in the cholesterol esters found 
in the vessel walls in arteriosclerosis. 

Wintemitz^'^ has sti'essed that in 
atherosclerosis the intimal endothelium 
is seldom the site of disease; tliat the 
vasa vasorum or mural vascular chan- 
nels in the arteries are the sites of 
hemorrhages and sclerosis, with later 
lipid deposition. This theory is not 
supported by most investigators at pre- 
sent®. 

Hueper® has climaxed comprehensive 
search into the etiology and morph- 
ology of arteriosclerosis by concluding 
that the disease is found exclusively 
in colloidal disturbances of the lipoids 
and carbohydrates of the blood plasma. 
Hueper believes that there exist four 
fundamental types of anoxemic causa- 
tive mechanisms in arteriosclerosis: (1) 
changes causing either hypertonus or 
hj^otonus of the vascular walls; (2) 
changes in die hydrostatic intravascular 
pressure, such changes causing hydro- 
static hypertension or hypotension; (3) 
changes in the colloidal plasma com- 
position and resulting equilibrium; 
these changes involving plasma lipids, 
proteins and carbohydrates and being 
both quantitative and qualitative in 
nature. Tlius the exchange of gases 
and nutritive substances would be dis- 
turbed; and (4) changes in tlie oxygen- 
carrying power and in the oxygen-car- 
bon dioxide balance of the blood and 
its tissues. 

Anitschkow^ demonstrated that the 
atheromatous plaque or typical arterio- 
sclerotic lesion is a deposition of lipids 
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which takes place primarily in the tis- 
sue spaces of the arterial intima be- 
tween the superimposed endothelium 
and the underlying barrier of tlie fene- 
strated internal elastic membrane of 
the artery. 

Various” data have been presented 
in both support and refutation of the 
above concepts. As stated previously, 
contradictory results have resulted from 
variable factors which the present 
autliors have attempted to avoid. 

Recent studies appear to lay greater 
significance on the role of the blood 
lipids, these including cholesterol and 
cholesterol esters. It is planned to 
explore further tlie role of fat in the 
diet as the cause of coronary artery 
disease and arteriosclerosis. 

It is well-known that the clinical, 
electrocardiographic, laboratory and X- 
ray diagnosis of atherosclerosis and 
arteriosclerosis are subject to variable 
interpretation. Only post-mortem or 
conclusive evidence of acute coronary 
occlusion is acceptable as a final proof 
that coronary artery arteriosclerosis is 
present. 

Arteriosclerosis is now the leading 
cause of morbidity and mortality. 
Arteriosclerosis, particularly of the 
coronary arteries is the leading cause 
of death in the United States of Ameri- 
ca with a total of 355,000 victims in 
the 1940 statistics. Joslin'^ fi '''j:3.1ates 
the mortality from arterioscl\ ^^is in 
Massachusetts to be 37% of ^the- total 
deaths. 

Tlie following studies of pre-mortem 
and post-mortem coronary artery oc- 
clusion and its possible relationship to 
disturbed cholesterol metabolism are 
therefore presented. This may be of 
particular importance because of the 
power of the liver actively to remove 
cliolesterol and fat from tlie blood, of 
storing it witliin its substance"*’^^ and 
of syndiesizing and desti'oying cho- 
lesterol. 

In view of the conflicting views re- 
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garding the presence of hypercholes- 
terolemia in coronary artery disease, 
the authors examined a series of 200 
cases of acute coronary thrombosis ad- 
mitted to the wards of the Los Angeles 
County General Hospital. These cases 
were all unselected and taken in the 
order of their admission to tire hospital. 

It has been recognised by recent 
authors that many of the inconsistencies 
in blood cholesterol determinations 
have been due to the unreliability of 
certain methods which have been 
widely employed. This subject has 
been adequately reviewed elsewhere 
Accordingly, a modification of the 
Sperry-Schoenheimer method has been 
employed for both cholesterol and cho- 
lesterol ester determination. A recent 
modification has been published by 
Sperry and Brand” and a furtlier modi- 
fication has been made by one of the 
authors (A. L. C.) in a method to be 
published. These modifications have 
been checked against the original 
Sperry-Schoenheimer method and also 
against other procedures in wide use. 
These results again emphasize the 
necessity for adherence to the basic 


of the original Sperty-Schoenheimer 
procedure without at the same time 
sacrificing any of its accuracy. 

Clinical Material. .Three series of 
cases are presented here. First, a 
series of 30 normal controls for com- 
parison with other published series. 
The second is a series of 36 cases on 
patients having a wide variety of dis- 
eases for comparative purposes. Third, 
a series of 200 cases of acute coronary 
occlusion, most of whom survived their 
initial attack, are analyzed. Included 
are some cases which were examined 
post-mortem. The following table 
shows the distribution of cholesterol 
values obtained in each series. Table 
1 presents a summary of the cholesterol 
values obtained in the three series of 
cases. In addition, the average age 
for each group of cholesterol values 
is sho^vn for the coronary occlusion 
series. The cases were 90% Caucas- 
sian in race, the remainder being either 
Negro or other races. 

Of tlie cases of coronary occlusion, 
75% were males, 25% females and 
the ages ranged from 28 to 84. 
cholesterol levels were taken \vithin 4 


Scrum Cholesterol 
Cone. -Mr/100 cc 

Normal 

Cases 

of Total 

Miscellaneous 

Cases 

% of Total 

Coronary 

Cases 

Occlusion 
of Total 

SO-139 

0 

0 

1 

3 

2 


140-159 

2 

7 

2 

6 

2 

1 

160-179 

3 

10 

6 

17 

17 

8.5 

180-199 

8 

27 

7 

20 

18 

9 

200-219 ^ 

5 

17 

3 

14 

31 

15.5 

220-239 

8 

27 

4 

11 

22 

11 

240-239 

2 

7 

4 

11 

12 

6 

260-299 

1 

3 

3 

8 

31 

15.5 

300-399 

1 

3 

5 

14 

55 

27.5 

400- 





5 

2.5 

TOTAL 

SO 

100 

36 

100 

200 

100 


Av. Age 


70 

81 

70 

70 

65 

61 

61 

63 

53 

50 

IT 


principles of the Sperry-Schoenheimer 
procedure and show that m'dely vary- 
ing results may be obtained by other 
procedures which do not satisfactorily 
control the Lieberman-Burchard color 
reaction. The modification used in the 
series of cases to be presented ap- 
preciably .shortens the time of deter- 
mination and reduces the comple.\ities 


hours of admission, following the 
proven acute coronary occlusion an 
followed in a large percentage of cases 
with several subsequent determinations 
at 2 to 6 week intervals. Each case 
was definitely diagnosed as one o 
acute coronary occlusion both by th® 
electrocardiographic report and the 
clinical examination. Both total and 
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free cholesterol determinations were values for tlie normal series and it is 
made on all cases. seen that all but one case, or approxi- 

Results. The distribution of cho- mately 97%, are witliin the range of 
lesterol values is most readily seen in 150-260 milligrams per 100 cc. This 
tlie following series of figures. Figm-e distribution is similar to tliat published 
1 shows the distribution of cholesterol by Peters and Man“. The percentage 
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of free cholesterol ranged from 20 to responds closely \vith that of the no^ 
35^ (average 28%), mal series except for 5 cases wth 

Figure 2 shows the distribution of values above the normal range. These 
cholesterol values obtained in the mis- cases, incidentally, were all in conai- 
cellaneous series of 36 cases. It may tions recognised as being associated 
be seen that die distribution here cor- with disturbance of cholesterol meta- 
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holism, such as biliary cirrhosis, myx- 
edema and diabetes. 

The distribution of cholesterol values 
for the series of coronary occlusion, 
shown in Figure 3, is seen to be dis- 
tinctly abnormal. The distribution is 
such as to indicate a division of tlie 
cases into two distinct categories, tliose 
in which the cholesterol values are 
distributed in a normal manner, and an 
additional class in which the cholesterol 
concentration is distinctly elevated. It 
may be concluded from these results 
that high cholesterol values may be an 
etiological factor in many cases of 
coronary occlusion, but otlier cases 
occm: in which it would appear that 
cholesterol metabolism may not be 
involved. 

These results are shown even more 
conti-astingly in Figures 4 and 5 in 
which the cases have been divided ac- 
cording to age. Figure 4 shows a 
series of 75 cases below the age of 60 
and in tliese it is seen that nearly 70% 
of tire cases have elevated blood cho- 
lesterol. In tlie cases above die age 
of 60 (Figure 5) tliis tendency is not 


nearly so prominent, about 48% being 
elevated and about 52% in the normal 
range. 

The distiibution of cholesterol be- 
tween the free and the ester form was 
not markedly changed in this series of 
cases. The average percent of free 
cholesterol was 30 compared to 28% 
in the normal. It does not appear that 
the mechanism for esterification of cho- 
lesterol is involved in this disease 
entity. 

A study of tlie series with respect 
to sex disti'ibution does not indicate 
any marked ti'end with the exception 
of the fact drat these cases of coronary 
occlusion were 75% males. The inter- 
relationship of age and cholesterol con- 
centration is also shown in Table I, 
in which die average age for each 
level of cholesterol concentration is 
given. It is there readily seen that 
coronary occlusion appears earlier in 
cases having high cholesterol values. 

Summary and Conclusions. 1. A 
consecutive unselected series, of 200 
patients with acute coronary occlusion 




38 


JIORRISON, HALL, CHANEY: CHOLESTEROL JIETABOLISH 


was studied for blood cholesterol and 
cholesterol ester levels within 48 horrrs 
after hospital admission. 

2. In 68% of 75 patients under 60 
years of age with proven acute coron- 
ary occlusion hypercholesterolemia was 
present. 

3. In 52% of 125 patients over 60 


years of age with proven acute coron- 
ary occlusion a normal cholesterol 
level was found. 

4. Coronary thrombosis in patients 
under the age of 60 is frequently 
associated with hypercholesterolemia 
and disturbances of cholesterol meta- 
bolism. 
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PHEOCHROMOCYTOMA is a relatively un- 
usual lesion. The present series of 5 cases 
is one of the largest groups reported from 
a single institution at any one time, and 
includes the ninth case on record of bilat- 
eral malignant adrenal pheochromocy toma. 

Our purpose in this paper is to present 
several clinical types of pheochromocy- 
toma and to correlate clinical and patho- 
logic findings where this is possible. The 
different types referred to are: (1) malig- 
nant adrenal pheochromocytoma with 
metastases; (2) benign adrenal pheochro- 
mocytoma with hypertension (paroxysmal 
or sustained); (3) benign adrenal pheo- 
chromocytoma found incidentally at au- 
topsy with no clinical signs or symptoms. 

General considerations of location of 
chromaffin tissue, from which these tumors 
arise and the embryology of this tissue 
having been adequately discussed^ 
elsewhere will not be considered further 
here. 

In the present series of 5 cases there are 
3 males and 2 females. The age incidence 
varies from 30 to 61 years. Three of the 
cases occurred between 51 and 61 years 
of age. The malignant tumor occurred 
in the 51 year old female. The age and 
sex incidence of this group is similar to 
that of previously reported cases.® 

Association of hypertension with pheo- 
chromocytoma is well known.-’®-®'^®’^®'-® 
When hypertension is present the clinical 
correlation on the basis of present theories 
is good, i. c., the elaboration of a pressor 
substance by the tumor cells,^ causing 
hypertension which is paro.xysmal or sus- 
tained. However, there are cases in the 


literature^® as well as in the present series, 
in which this sj'^mptom is not present. 
The absence of hypertension in these 
cases makes it more difficult to accept 
the above mechanism as the only one 
invoh’^ed. 

The details in the case reports below are 
included only if thought to be connected 
with the subject under consideration. 

Case Reports. Case 1. R. W., a 51 year 
old white female, was apparently in good 
health until 2 months prior to' admission, 
when she began to have headaches, chiefly 
occipital, mild in the morning and more 
severe later. The patient was dizzy and 
weak and fell repeatedly during the month 
before admission. Her memoiy was poor. 
She walked leaning to the right and fell 
frequently for 10 days before admission. 
During the last week the patient also com- 
plained of a stiff neck with increasing drowsi- 
ness, and slept almost constantly. There 
were generalized convulsions on the morn- 
ing of admission. 

Physical Examination . The blood pressure 
was 160/100. On admission, the patient was 
drowsy, comatose and did not respond to 
questions. The pupils were large, irregular 
and equal and did not respond to light. 
There was weakness of the left side of the 
face and rigidity of the neck. The left arm 
was completely flaccid. The deep reflexes 
were evei’ 5 'Avhere diminished, but weaker on 
the left. The abdominal reflexes were absent 
and there was no appreciation of pin-prick 
anjnvhere. There was bilateral papilledema. 
The clinical diagnosis was ; ‘ ‘ rapidly develop- 
ing intracranial neoplasm, probabl}*^ in the 
right frontal area.” 

Course in the Hospital. On lumbar punc- 
ture done on the 2nd hospital day, initial 

( 39 ) 
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pressure was 330 mm. (water) and final peduncles, cerebellum, pons, medulla and 
pressure 114 mm. Ten cc. of bloody spinal cerebrum. Some nodules were confluent, 
fluid was removed. There were 52 cells per others small and containing a central area 
c.mm., of which 10 were polymorphonuclears of softening. A preparation from the cere- 
and 42 Ijunphocjdes. A right subtemporal bral corte.K showed large islands and cords 
decompression was done on the 4th hospital of various sized and shaped cells, with nuclei 
day. On the following clay, the patient’s that varied greatly in staining reaction, 
condition was poor and her blood pressure The latter were of a bizarre appearance, 
was 144/94. Three days later she became being ovoid or stellar and either peripherally 
stuporous and remained so until she expired, or centrally placed. The nuclei contained 
Her blood pressure fell steadily until it a loosety arranged chromatin network and 
reached 102/76 on the last day. well-formed nucleoli. These islands of tumor 



Fii;. 1. — C.iso 1. PhotorQicro''raph of tumor in adrenal gland. Note adrenal tissue on right side. 

(H. and E. X 100.) 

Laboratory Data. Spinal fluid protein was tissue were separated by distended endothe- 
154 mg. ''f ; the globulin was 1-1-. The lial lined spaces and homogeneous pink stain- 
blood sugar, blood urea and urine examina- ing granular material. The perivascular 
tions were not remarkable. The hemoglobin spaces in these regions were increased in size 
and red cell count normal; white blood cells, and number and contained accumulations 
18,900 (69^0 polymorphonuclear leukocj'tcs, of round cells. Preparations from the pons, 
20''; IjTnphocj'tes and 5% monocjdes). cerebellum and medulla showed a similar 

Morbid Anatomy. (N39-210.) The heart picture. 

(330 gm.) showed left ventricular hyper- The right adrenal measured 5 by 4 by 
trophy and myofibrosis. The lungs showed 0.9 cm. and weighed 7 gm. The cortex and 
local pneumonia, edema and an infarct in medulla were well demarcated. The left 
the right lung base. In 1 of the main adrenal measured 7 by 3 by 1.2 cm. and was 
branches of the pulmonarj' arterj- was a grosslj* similar to the right. Microscopically, 
blood clot firmly attached to the vessel wall, the adrenal glands were not remarkable 
Brain (1385 gm.). The cut surfaces of except for the small nodules present in the 
the cortex and medulla contained homogene- medulla; of both glands. These showed 
ous yellow and gray, well-circumscribed identical histologic pictures. The cells were 
nodules, some of which were mottled with large, irregular, polyhedral, of a bizarre ap- 
red. These were present in the cerebral pcarancc, varjdng in size, and staining reac- 
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tion of the nuclei. The nuclei were vesicular, 
round, ovoid, triangular or stellate, and 
contained well-formed nucleoli. The cyto- 
plasm was abundant and finely granular. 
Scattered in the vicinity of the tumor cells 
were collections of round cells and a few 
isolated plasma cells. The medullaiy layer 
was scanty and fairly well demarcated from 
the cortex which was compressed in the area 
around the nodule. The blood-vessels were 
distended and thick-walled and the capil- 
laries were markedly engorged. Prepara- 
tions stained with chromic salts showed a 
clear affinity of the stain for the tumor cells. 


myofibrosis cordis; congestion of viscera; 
arteriosclerosis, generalized. 

The above case is the ninth record of 
malignant bilateral adrenal pbeocbromo- 
cytoma and it is the only reported case 
with metastases to the brain. Practically 
all previously reported cases of malignant 
lesions had a normal blood pressure.^'^^''^ -” 
In this case (see Table 1) the blood pres- 
sure readings were somewhat elevated 
during the patient’s hospital stay. How- 
ever, the high readings may be explained 
by increased intracranial pressure (330 



Fia. 2. — Case 1. Photomicrograph of metastasis in the brain. (H. and E. X 100 , 
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1. — Blood Pressure During Hospital Stay 

(Case 1) 
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Anatomic Diagnosis. Pheochromocytoma 
in adrenal glands with metastases in brain; 
wound of recent subtemporal decompression 
(right); pneumonia, focal, bilateral; edema 
of lungs; petechiosis of pleura (right) ; throm- 
bosis in branch of pulmonary artery (right) ; 
infarct in lung (right); dilatation of heart; 


mm. of water on spinal tap) witli accom- 
panying hypertension and slow pulse. 
From the table below it will be seen that 
the blood pressure began to drop shortly 
after decompression was performed and 
continued to drop until the death of the 
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patient. Thus, this case is very similar 
to the other reported cases of malignant 
pheochromocytoma e.Kcept for the location 
of metastases. It may be well to point 
out that, as in the previously reported 
cases,*® the tumor was present in both 
adrenal glands. 

The general absence of hypertension in 
the malignant pheochromocytoma has not 
been e.xplained. It is probable that many 
of the malignant cells do not have the 
property of secreting the pressor substance 
as do the cells of the benign tumor. It 
would be interesting to try to demonstrate 
this pressor substance in the blood of a 
patient with malignant pheochromocy- 
toma as was done by Beer cf al.,^ in a case 
with a benign lesion. This unfortunately 
was not done. 

Histologically the structure of the 
malignant tumor was similar to that of 
the benign lesion, so that cellular structure 
alone cannot be used as a reliable criterion 
of malignancy in this type of tumor. We 
arc in agreement with other authors that 
the only indication of malignancy is the 
presence of metastases. 

The second case in our series is the 
forty-ninth reported case*-® of benign 
pheochromocytoma proven by cessation 
of symptoms after operation. This case 
is Ijeing reported in greater detail in 
another publication. It demonstrates a 
fairly typical clinical history. 

C.ASE 2. B. S., 34 year old white female, 
about 11 months before admission, had oc- 
casional severe generalized headaches, vomit- 
ing and irritabilitj'. She was comparatively 
well after that until just before the tennina- 
tion of her pregnancy (1 month before ad- 
mission), when she again developed head- 
aches and some dizzine.?s. During this last 
I)regnancy, blood iwessure, urine and blood 
chemistries were within normal limits. The 
day after delivery (2 weeks before admission) 
the patient devcloj>ed severe headache, 
retching, vomiting and dizzy spells brought 
on by alteration in jiosturc. These symp- 
toms per-sisted. The neurologic examina- 
tion, 1 week before admission, was negative. 
The patietit became more drowsy, and 3 days 


later a neurologist noted restlessness followed 
bj"^ left hemiparesis. 

Physical Examination. The patient was 
semicomatose and somewhat disoriented. 
She ignored the e.xistence of the left side of 
her bodj" and exhibited the right hand and 
leg when asked to show her left. Her eyes 
deviated to the right and were unable to 
move to the left of the midline. There was 
slight blurring of the optic disk margins and 
left hemianopsia. Sensation on the left side 
of the body was diminished. The Babinskis 
were positive bilaterally and the deep re- 
flexes rvere hyperactive on the left side. 
The urine examinations, blood counts, blood 
chemistries and serology were not unusual. 
Lumbar puncture show'ed an initial pressure 
of 300 mm. of water, and a final pressure of 
170 mm. of water. The fluid was clear and 
no cells were seen. The spinal fluid protein 
was 50 mg. %, with a trace of globulin. 

Course. Within the ne.xt few days the 
patient became better oriented ; her memorj' 
improved and she demonstrated her left 
hand by picking it up with her right. The 
ventriculogram was negative. The patient 
continued to have bouts of nausea, but her 
mental status improved and the left hemi- 
paresis was less marked. Eye examination 
revealed well-outlined optic disks, with some 
hemorrhage into the left disk. Visual fields 
revealed left homonymous hemianopsia. 
The patient left the hospital with residual 
hemiparesis, spacial disorientation and oc- 
casional nausea. Blood pressures, taken 
twice dailv during her hospital sta}’, ^’aried 
from 84/60 to 166/124. Most values were 
around 110/65. 

Second admission (1 year later) .' A month 
after her last admission the patient was 
having attacks of nausea, with blood pres- 
sure up to 260/180. The urine examination 
at this time revealed 2-1- albumin and casts. 
Since then, her blood pressure varied greatly 
from 90/40 to 280/190, and the transition 
from low to high blood pressure was ob- 
served within 5 minutes. Two months 
before the second admission, the patient s 
vomiting recurred and was accompanied bj 
severe frontal headaches. The blood pres- 
sure was 190/150 during 1 attack. These 
attacks continued until admission. 

Physical Examinalion. The blood pres- 
sure was 178/110 and the pulse 108 per 
minute. There was increased muscle tone 
on the left side of the bodj* with “ claw liand 
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on the left. The motor power of the upper 
and lower extremities on the left Avas dimin- 
ished. There were hyperactive tendon and 
superficial reflexes on the left side. The 
laboratory work and Roentgen rays of the 
chest Avere negative. The glucose tolerance 
test shoAA'ed a normal curve. 


pressure during the last episode AA^as 190/140. 
A spinal tap shoAA'ed a normal pressure. Cell 
count, chemistry and serology AA^ere normal. 
The patient remained unresponsiAm until 
the ne.xt day. A neui’ologic consultant saAA^ 
the patient several days later and she had 
only the residual left hemiparesis. It AA^as 



Fig. 3.— Case 2. Photograph of gross tumor. 


Course. The patient had a left-sided 
clonic convulsion, lasting 45 seconds, fol- 
loAved by profuse perspiration. The blood 
pressure at this time varied from 100/80 to 
240/180 Avithin 3 minutes, AAuth a pulse of 
110 to 120. Intravenous pyelogram and 
retrograde pyelogram shoAA^d the right pel- 
a4s and calyces someAvhat deformed. The 
kidney outline AA^as normal. Perirenal in- 
sufflation Avas done, but the patient became 
markedljr cj’^anotic and nauseated, Avith a 
A’^ery rapid pulse after 230 cc. of air Avas 
injected. The examination AA^as discontinued 
and the patient recoA^ered quickly. About 
2 hours later the patient had a clonic seizure 
lasting about 40 seconds, inAmlving the right 
arm and leg. The eyes Avere deAuated to 
the left, the jaAvs Avere clenched and the 
patient AA’as “foaming at the mouth.” Fwe 
minutes after the seizure, she AA^as lying 
relaxed AA'ith her eyes closed. The right 
Babinski Avas positiA'e and the Ijlood pressure 
AA'as 106/84 at that time. There A\'ere similar 
episodes I, f and 2-1- hours later. The blood 


thought that the episodes mentioned above 
could be e.xplained on the basis of vascular 
spasm, possibly refiexly stimulated by peri- 
renal air insufflation. The clinical impres- 
sion Avas pheochromocytoma, and at opera- 
tion a globular cystic tumor AA'as removed 
from the right adrenal area. Her postopera- 
tiAm course AA'as uneA'entful and she AA'as 
discharged 2^ AA'eeks later. 

The patient returned to the hospital sub- 
sequently over a period of 3 years because 
of “claAV hand” and contracture of the foot 
both on the left side. The lilood pressure, 
1 year after operation Avas usually about 
120/90; 3 years after operation it Avas 110/70. 
There Avere no attacks of any kind since 
operation. The patient’s blood pressure dur- 
ing her 2nd hospital day A'aried from 94/78 
to 220/150 except for 2 da 3 '’s postoperatively, 
AA'hen the blood pressure hoA'ered around 
78/50. 

Surgical Pathology. (S.P. 43-889.) The 
tumor remoA'ed at operation Avas a C3'stic 
mass measuring 1.05 by 10 by 4.5 cm. and 
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weighing 310 gm. The external surface in 
some areas was smooth and glistening, and 
in other areas it was covered by adipose and 
fibrous tissue tags. At one end of the speci- 
men was attenuated adrenal glandular tis- 
sue. On section, the cyst contained clotted 
blood and friable soft, pale brown tissue. 
The inner surface of the cyst was 3'ellow 
and smooth and measured up to 2 cm. in 
tiiickness. Between the outer and inner 
surfaces was soft pale pink and brown tissue. 
In the region of the adrenal remnant, section 
revealed a narrow rim of ochre-colored cor- 


te.\-, with a pale brown medullarj' zone, 
which was poorty demarcated from the 
underljdng tumor tissue. In 1 preparation, 
bordered bj’ a capsule of hjmlinized fibrous 
connective tissue, there was a fairly broad 
zone of adrenal cortex, in which the differ- 
ent cortical zones were well demarcated. 
In many cells, the cytoplasm was vacuolated, 
while in others it was clear and acidophilic. 
The medulla was replaced bj'' tumor tissue, 
which showed a variegated picture. In some 
areas the cells were in an alveolar arrange- 
ment and were, for the most part, small. 



Flc. 2. Plioto?:rapIi of cut sections of tumor. 



I Id. 5, — C.O'C 2. PliotomicroKrapli of tumor. Note tlic dense capsule. (B. and h. X ICK).) 
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with deeplj'' staining round nuclei, acidophilic 
cytoplasm and distinct cell borders. In 
other areas the cells varied more widely in 
size and shape; most of them were irregu- 
larly polygonal with granular or clear cyto- 
plasm, distinct cell outlines and round or 
oval vesicular nuclei. Some cells contained 
more thauv 1 nucleus. The stroma Avas 
scanty and vascular. With the chromaffin 
stain the nuclei Avere blue and the cj^oplasm 
stained a yelloAA^ green. Separating the 
lobules in places AA^ere broad bands of con- 
nective tissue. Other preparations shoAA'ed 
a similar picture. This was diagnosed as a 
pheochromocytoma of the right adrenal 
gland. 

The neurologic signs and symptoms AA'hich 
were present at the first admission AA^ere 
probably due to a cerebral hemorrhage 
resulting from the hypertension. The en- 
suing hemiparesis improved, but contrac- 
tures of the left hand and foot remained. 
However, over a. period of 3 years after 
removal of the tumor, the patient’s blood 
pressure has remained AAuthin normal limits. 
There has been no evidence of neAA^ lesions 
in the fundi, kidneys or brain, Avhich one 
might have expected if the h 5 '’pertension 
had remained. This patient is noAV com- 
paratively Avell despite a ma-jor cerebral 
vascular accident over 3 years ago. 

The convulsions whicli occurred dmlng 
tlie patient’s 2nd hospital stay Avere either 
the result of cerebral vascular spasm or 
Avere rapidly successhm paroxysms of hj^per- 
tension, more likely the latter. 

The diagnosis in this case Avas much 
easier clinically than in Case 3, because 
of the more or less typical paroxysms 
Avhich Avere present here. 

In vieAV of SmitliAvick’s finding that 
0.5% of 1000 hypertensive patients had 
pheochromocytomata (cited by Golden- 
berg ct aU), the diagnosis of this lesion 
has increased importance. Furthermore, 
it is likely that the incidence of this 
lesion is even higher, since SmitliAvick 
probably did not explore" the remainder 
of the chromaffin system in these patients 
and these tumors may occur anj^vhere in 
this system. 

Case 3. A. D., a 55 j’^ear old white male, 
was admitted Avith a history of Ammiting, 


disorientation and collapse of 30 hours dura- 
tion. About 30 hours before admission, the 
patient Avas found lying on the floor in a 
pool of Ammitus. He Avas confused, restless 
and disorientated. He was admitted to 
another hospital Avhere a spinal tap Avas 
done. The specimen, later sent to this 
hospital, Avas grossly bloody. The morning 
of admission the patient Avas still vomiting 
occasionallj'^ and complaining of slight head- 
ache and stiff neck. He became less con- 
fused and less restless shortly after admis- 
sion. The patient had a hypertension of 
over “200” for several years. There Avere 
no previous similar episodes. He had mod- 
erate exertional dyspnea for 2 years and 
glaucoma for manjf years. 

Physical Examination. The patient was 
a Avell-developed and Avell-nourished, con- 
fused, restless, Avhite 55 j^ear old male AAuth 
slurred speech. His neck Avas stiff and the 
pupils were pin-point. There Avas increased 
intraocular tension bilaterally. The left 
cardiac border Avas about 1 cm. to the left 
of the midclavicular line. The clinical im- 
pression Avas subarachnoid liemorrhage; hy- 
pertensive cardiovascular disease Avith mild 
decompensation and chronic glaucoma. 

Course. The patient’s blood pressure and 
temperature rose steadily during tlie 5 days 
of his hospital stay. On the day folloAving 
admission he Avas stuporous and spinal fluid 
AA'as bloody Avith increased pressure. Tavo 
da3^s later there Avere general h5'^perreflexia 
and marked rigidity of the neck. He com- 
plained constantlj" of headache and dizzi- 
ness. The initial spinal fluid pressure at 
that time Avas 320 mm. of Avater; the final 
pressure Avas 130 mm. of Avater. The fluid 
AA'as bloody. Tlie patient expired the next 
day. 

Laboratory Data. The only releA'ant data 
includes a A\4iite.blood count of 19,000 (80% 
polj'morphonuclears, 14% lymphocytes, 5% 
monocytes and 1% eosinophils). 

Morbid Anatomy. (N38-115.) Pupils 
Avere unequal. There Avas a generalized 
arteriosclerosis. The heart (570 gm.) shoAved 
hj’-pertrophj’- and dilatation Avith myofibrosis. 
The hings shoAved hemorrhages in the pleura, 
emph 3 'sema and pneumoliths. In the cardia 
of the stomach there Avas a shalloAV ulcer 
3 cm. in diameter. The brain (1500 gm.) 
gaA’e no gross eAudence of hemorrhage. In 
a preparation from the right temporal lobe 
the meninges Avere infiltrated Avith extrava- 
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sated blood. Numerous large mononuclear 
cells were seen loaded with brown pigment, 
A small amount of blood was present in the 
fourth ventricle. In a preparation including 
the inferior longitudinal fissure, the latter 
was filled with blood and brown pigment. 
Large numbers of polymorphonuclears were 
seen in places, and blood was seen in the 
adjacent cortical tissue. The aqueduct of 
Sylvius contained small clumps of bacteria, 
old blood and large mononuclear cells laden 
wth brown pigment. 

The right adrenal gland measured 6 by 3 
by 1 cm. and weighed 8 gm. In the cut 
surfaces the cortex and medulla were well 


arranged in irregular fashion. The cell 
boundaries were indistinct. The cytoplasm 
AS'as abundant and homogeneously pink and 
the nuclei were large and round or oval. 
Most of them were vesicular and contained 
large dark nucleoli. Numerous cells at- 
tained a giant size and contained 1 or more 
bizarre shaped nuclei which varied consid- 
erably in chromatin content. Some of the 
nuclei contained large pale vacuoles. Mit- 
otic figures were fairly numerous. Many 
capillaries and delicate connective tissue 
strands separated the cell groups. The tu- 
mor tissue blended into the rim of meduilarj’ 
tissue which partially surrounded it. The 



Fig. G.— Case 3. Photomicrograph of tumor in adrenal gland. Note adrenal gland in lor^er 
right corner, (H. and E. X 100.) 


demarcated and the latter was abundant. 
In the middle of the superior portion there 
was a large soft nodule 1 cm. in diameter, 
the cut surfaces of which were composed 
of a dark red center with a pink narrow rim. 
The left adrenal gland (6.5 by 2.5 by 1.5 cm.; 
weight, 9 gm.) showed cortex and med- 
ulla well demarcated. Microscopic.ally, the 
left adrenal gland was not unusual. In a 
preparation from tlie red nodule seen gro.ssly 
in the right gland, the meduilarj’ tissue was 
abundant. Within the medulla, in a Largo 
roundcfl area, were sheets and grbuijs of 
irregular cells which resembled epithelium 


cortical cell layers were compressed in many 
places. 

Anatomic Diagnosis. Arteriosclerosis, gen- 
eralized; hemorrhages, cerebral and pontine; 
hemorrhages in pleura r\ith hemothorax 
Oeft) ; old and recent pericardial hemorrhages 
with hemopericardium; hypertrophy and 
dilatation of heart; myofibrosis cordis; pa.s- 
sive congestion of viscera; pheochromocy- 
toma of right suprarenal gland. 

The pheochromocytoma in this case 
was unsuspected until autopsy. However, 
this patient had a long history of sustained 
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hypertension with a systolic blood pres- 
sure of over “200.” It is true that there 
is no history of paroxysmal hypertension 
or any symptomatic paroxj^sms which 
may be associated with hypertension in 
these cases. Nevertheless, it is probable 
that the hypertension and the associated 
changes in this case was due to the pheo- 
chromocytoma. Similar cases were re- 
ported by Green® and Thorn.^® 

The life of the patient in this case might 
have been saved had the diagnosis been 
made before his cerebral hemorrhage. 
The possibility of pheochromocytoma 
must be kept in mind in studying any case 
with hypertension, whether it be labile 
or continuous. There are 2 tests which 
have been used as diagnostic procedures 
which seem relatively simple and which 
do not carry the danger of perirenal air 
insufflation. These are the histamine test 
of Roth and Kvale^^ and the more recent 
use of benzodioxane by Goldenberg ei al.’’ 
These tests should prove useful when the 
diagnosis of pheochromocytoma is sus- 
pected. 

Case 4. E. M., a 40 year old white male, 
was admitted complaining of pain in the 
throat, blood-streaked vomitus and abdom- 
inal pain. He swallowed 23 gm. of bichloride 
of mercury about ^ hour before admission. 
There was no past history of hypertension 
or any other illness. 

Physical Examination. The patient was 
acutely ill, with cyanotic face, lips and ears. 
The abdomen was moderately distended and 
diffuse tenderness was present. The blood 
pressure was not recorded on admission. 

Course. On the 3rd hospital day his con- 
dition was poor. He was vomiting, had 
headaches and hiccoughs. His blood pres- 
sure was 148/90. On the 6th and 7th hospi- 
tal days he had tariy stools and coffee- 
ground vomitus, and voided only 180 cc. 
of urine. It was noted that his blood pres- 
sure was falling, but the actual values were 
not noted. On the 9th hospital da}"- he had 
generalized convulsions and complete anuria 
and died on the next daj\ 

Laboratory Data. The blood urea nitrogen 
rose from 17.9 to 83.3 mg. per 100 cc., the 
blood creatinine from 1.8 to 10 mg. per 
100 cc., the uric acid from 7.6 to 8.2 mg. 


per 100 cc. Six urine examinations showed 
a heavy trace of 4-}- albumin. They were 
loaded with casts and white blood cells. 
The red blood count was 5.35 million, with- 
95% hemoglobin. The white blood count 
was 17,800 (87% polymorphonuclears, 10% 
tymphocytes, 2% monocytes, 1% eosino- 
phils). 

Morbid Anatomy. (N 1041.) The heart 
weighed 480 gm. The myocardium of the 
left ventricle was lypertrophied and the 
right chambers were dilated . The 'pulmonary 
alveoli were filled with fluid and many hem- 
orrhagic areas were seen scattered through- 
out the lungs. Marked congestion was 
present. The liver weighed 1820 gm. 
Cloudy swelling and granular degeneration 
were present. The esophageal mucosa was 
deep red. There were linear gray escharotic 
lesions extending to the stomach. The mu- 
cosa was denuded in many areas. There 
Avas marked congestion, hemorrhage and 
round cell infiltration. The stomach showed 
many hemorrhagic areas. The small intes- 
tine, cecum and sigmoid showed extensive 
hemorrhagic lesions of the mucosa. A feAV 
pin-point hemorrhages were seen in both 
kidney cortices. On section, the cortex-Avas 
pale and edematous. The pelves shoAved 
many hemorrhagic areas. Many of the kid- 
ney tubules shoAved desquamation of the 
lining cells and their lumina Avere filled Avith 
granular material. The brain shoAved con- 
gestion and edema and AA^eighed 1210 gm. 

In the right adrenal gland medulla there 
was a gray nodule about 1 cm. in diameter. 
This nodule AA'as surrounded by compressed 
cortical tissue Avhich varied in thickness, 
Avith connective tissue outside of it. In one 
area the capsule AA^as fragmented and absent. 
In another area the medullary tissue reached 
the connective tissue capsule. Within the 
medullary tissue, the cytoplasm stained blue 
and appeared granular. In many areas the 
cell outlines Avere indistinct and most of the 
cells were- stellate in shape. The nuclei 
were round and oval and vesicular. Distinct 
nucleoli Avere seen in most nuclei. Occa- 
sional mitotic figures Avere seen. The cells 
Avere arranged in small groups separated by 
delicate connective tissue. There Avere many 
blood-vessels distended Avith red blood cells. 

Anatomic Diagnosis. Mercurial nephrosis; 
ulceration and hemorrhage in gastro-intes- 
tinal tract; parenchymatous hepatitis; pheo- 
chromocjdoma of light adrenal gland. 
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Case 5. J. F., a 61 year old white male, 
was first seen at this hospital 8 j^ears before 
admission with epigastric pain, constipation, 
loss of weight and pallor. At tliis admission, 
he had Roentgen ray e%ddence of a duodenal 
ulcer. His blood pressure at that time was 
90/70. During the 4 years before admission 
the patient had 4 normal electrocardiograms, 
2 normal chest Roentgen rays, and his blood 
pressure on 5 occasions varied from 126/76 
to 150/90. His chief complaints on admis- 
sion were weakness and loss of about 
100 pounds in 6 months. He also had pain 
in the epigastrium and in the right upper 
quadrant. This pain was not related to food 
or respiration. He had severe anorexia at 
the same time. 


able 2 finger breadths below the right costal 
margin, and there was some fullness at the 
right side of the epigastrium. 

Course. At operation on the 5th hospital 
day, subhepatic and subphrenic abscesses 
were seen and drained. On the 19th hospital 
day, the patient’s wound was draining pro- 
fuse purulent material. He became drowsy 
and disoriented and there was evidence of 
thrombophlebitis of the left leg. On the 
29th day, he had chills and fever and it was 
noted that his general condition was poor. 
Thrombophlebitis was still present. On the 
34th day, the patient did not void at all. 
He had a high fever, continued to go down- 
hill, and died 4 daj's later. 

Laboratory Data. Eight urine specimens 



I'll.. 7. Ca'ie 5. I’liotomicrograpli of tumor in the adrenal gland. Note normal tissue at bottom. 

<11. and E. X 100.) 

Physical Exnmiiiatioi}. On admission the were jtot remarkable. The hemoglobin 
patient’s temperature was 102.6° F. pulse varied from 50 to 07%. The red blood count 

110 per minute, and the blood pressure varied from 2.G to 3.3 million cells. The 

llS/70. He was a well-dcvelojied, poorly white blood count varied from 13,000 to 

nourished, elderly white male showing pallor 26,000. The polymorphonuclears varied 
and lo.'s of weight. There was pain and from 77 to 93%; tlie lymphocytes from 5 to 

tenderne.-.s in the epigastrium and in the 20'; i. The sedimentation rate was always 

right Uiipcr quadrant. The liver w.a.s palp- between 125 .and 137 mm. per hour. The 
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icterus index was 14.7 and 16. The blood 
sugar, urea, protein and A/G ratio were not 
remarkable. The patient’s blood pressure 
during his hospital stay varied from 110/50 
to 130/80. 

Morbid Anatomy. (N43-137.) The skin 
was lemon yellow, and the sclerse icteric. 
There was a sinus tract opening at the 
upper part of the abdominal wound. Many 
adhesions were found in the abdomen and a 
large amount of creamy green yellow odor- 
less pus was also seen. The heart showed 
some fatty infiltration. The lungs showed 
abscesses and fibrosis. The esophagus re- 
vealed chronic inflammation and there were 
ulcers in the duodenum, 1 of which perfo- 
rated and showed a communication with 
the inferior surface of the liver. Between 


groups, separated by deUcate vascular con- 
nective tissue. The cytoplasm of the tumor 
cells was granular and stained light blue. 
The nuclei stained dark blue and varied 
greatly in size. Most of them were round 
and oval and vesicular. Nucleoli were seen 
in many nuclei. 

Anatomic Diagnosis. Ulcers in duodenum 
with perforation; perihepatic and intra- 
hepatic abscesses, wound of operation for; 
pylephlebitis; infarct in liver; icterus; ab- 
scesses in lungs with fibrosis; thrombo- 
phlebitis, external iliac, femoral and saphen- 
ous veins, left; anemia; congestion of viscera; 
arteriosclerosis, generalized; fatty infiltration 
in heart; esophagitis, chronic; nephrosclero- 
sis; pheochromocytoma in adrenal gland, 
left; prostatitis, chronic with abscess. 


Table 2. — Blood Pressure During Hospital Stay (Case 3) 



I 

•<! <N 

184/86 192/90 


the liver and the adherent diaphragm t ere 
was a moderate amount of creamy yellow 
green pus and a large collection of pus 
within the caudate lobe of the liver. There 
were abscesses and an infarct in the right 
lobe of the liver. The kidneys showed 
nephrosclerosis. There was a large organ- 
ized thrombus in the left internal saphenous 
vein. B. coli and Staph, aureus were ob- 
tained on culture from these abscesses. 
The prostate also showed several small 
abscesses. 

The right adrenal gland measured 6 by 
3.4 by 0.8 cm. and weighed 6 gm. The left 
gland measured 6.2 by 3.5 by 1.1 cm. and 
weighed 8 gm. The external surfaces were 
discolored gray green. On section, the cor- 
tex and medulla were distinct. The left 
adrenal was the seat of a small circular 
nodule which on cross-section was pink in 
color and measured 0.8 cm. in diameter. 
Microscopically, both adrenal glands were 
not remarkable except for the small tumor 
mass arising from the medulla of the left 
adrenal gland. This nodule was almost 
entirely surrounded by compressed cortical 
tissue. In 1 area the nodule was seen to 
merge with normal medullary tissue. With- 
in this mass the cells’were arranged in small 


CO ^ 

220/90 226/90 

220/102 
220/104 

Cases 4 and 5 never had hypertension, 
paro.xysmal or sustained, so that the pheo- 
chroniocytoma had no obvious clinical 
effect in these 2 cases. These 2 patients 
died of causes unrelated to their pheo- 
chromocytomata. Lazarus and Eisen- 
berg^^ stated, “Paragangliomata are usu- 
ally small and symptomless, as a result of 
which most of them have been found at 
autopsy.” Moreover, the age of these 
2 patients (40 and 61) was such that it 
cannot be said that they were in the early 
stage of the disease and that thej'^ would 
have developed symptoms if they had gone 
on long enough. This is particularly true 
in view of Case 2, of pheochromocytoma 
with a more or less typical story in a 
woman 34 years old. Thus, there is no 
indication that the symptomless lesions 
are earlier stages of the symptomatic ones. 

Summary and Conclusions. A series of 
5 cases of adrenal pheochromocytoma is 
presented as examples of the various clini- 
cal types of this tumor. They include (1) 
the malignant tumor with metastases, as 
in Case 1; (2) the benign tumor with 
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hypertension (paroxysmal) in Case 2and 
sustained in Case 3; (3) the benign tumor 
with no signs or symptoms, found acci- 
dently at autopsy, as in Cases 4 and 5. 

The malignant variety is exceedingly 
rare. The case in this series is the ninth 
on record and the only one with meta- 
stases to the brain. Antemortem diagnosis 
and treatment of the malignant lesions 
give little promise of improvement, since 
tlie earliest signs are usually those of 
metastatic involvement. Moreover, the 
presence of metastases is the only reliable 
criterion of malignancy in these cases, 
since the histologic structure of the benign 
and malignant tumors is similar. The 
absence of hypertension in the patients 
with malignant lesions is unexplained. 
Perhaps the malignant cells lose the 
property of secreting the “pressor sub- 
stance.” We noted that the affinity of 
the primary and metastatic lesions for 
chrome salts was just as great as in the 
benign tumors. 

The benign phcochromocytoma with 
paroxysmal hypertension is well recog- 


nized today. However, in the group with 
sustained hypertension, great room for 
irapror'ement in diagnosis exists. In 
these latter cases the diagnosis must 
always be kept in mind and definite effort 
made to rule it in or out. The use of 
the Roth-Kvale'^ histamine test or the 
benzodio.xane test of Goldenberg d a/.' 
may be important in this respect. 

The benign pheochromocytomas with- 
out clinical signs and symptoms have 
little or no diagnostic significance at pres- 
ent. However, the presence of hyperten- 
sion in some patients with benign tumors 
and its absence in others with the same 
lesion is unexplained. There is some indi- 
cation that these symptomless lesions are 
not precursors of the s.xmptomatic ones 
from the comparative ages of these pa- 
tients. Moreover, the size of the tumor 
in Case 3 with sustained hypertension 
was approximately the same as in Cases 4 
and 5 without hjT)ertension, so that the 
presence of symptoms does not seem to 
depend on the size of the lesion. 
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On the basis of previous reports in the 
literature amyloidosis complicating rheu- 
matoid arthritis is uncommon, and to date 
has been reported only 40 times, but there 
is reason to believe that the 2 conditions 
coexist more frequently. The fact that 
simultaneous occurrence was usually dis- 
covered at postmortem examination indi- 
cates a general lack of awareness of the 
association. Four additional postmortem 
and 6 living cases of amyloidosis occurring 
in patients with rheumatoid arthritis are 
now reported. 

Trasoff, Schneeberg and Scarf® com- 
pletely reviewed the literature up to 1943 
and again focussed attention on the asso- 
ciation of the 2 diseases. Since then 8 ad- 
ditional cases have been reported.®'^’^-®’“ 
Review of the additional cases adds little 
to the conclusions reached by Trasoff, 
Schneeberg and Scarf. 

Postmortem Cases. The records of 
58 patients with rheumatoid arthritis who 
came to postmortem study were reviewed 
to determine the incidence of amyloidosis. 
There were 4 cases in which amyloidosis 
could not be attributed to causes other 
than rheumatoid arthritis. 

The arthritis in the group studied was 
severe. The duration varied from 11 to 
23 years (Table 1). There was no obvious 
difference in duration or severity from 


the non-amyloid group. Despite the pres- 
ence of suggestive clinical evidence of 
amyloidosis, the Congo red test had not 
been performed in any of these cases, 
since the diagnosis was not suspected ante- 
mortem. Edema was present in 3 of the 
4 cases, hepatosplenomegaly in 1 and 
hypo-albuminemia in all 3 cases in which 
the serum proteins were estimated. Un- 
fortunately, hepatic and renal functions 
were not well studied in this group. The 
urine in all instances showed albumin, 
varying from a trace to 4-[-. None of the 
patients died in uremia, though the non- 
protein nitrogen was elevated in 1 and the 
blood urea nitrogen in another case. 

The postmortem findings showed amyl- 
oidosis of varying severity and distribu- 
tion, involving liver, spleen and kidney 
in every case, and, in addition, in 1 case 
the adrenals, pancreas and heart. Case 2 
had a metastatic chorioepithelioma com- 
plicating the rheumatoid arthritis. The 
rapidity of the downhill course following 
the appearance of the tumor made it un- 
likely that the amyloidosis was in any 
way related to the occurrence of the tumor. 
The presence of rheumatic heart disease 
in 3 of the 4 cases is of interest.® Amyl- 
oidosis was not the immediate cause of 
death in any of the cases. 

Living Cases. Mith these results in 


* Prosout address, 420 Lincoln Road, Miami Beacli, 39, Florida. 
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t ye was removed after 1 hour. Wiiere^’e 
possible, liver biopsy was performed t( 
confirm the clinical impression. 

‘‘^^^il'^oWosis was found in 6 patients 
(Table 2). The duration of the arthritis 
m this group ranged from 2^ to 29 years 
and was severe in all instances. It was 
no worse, on the average, than in many 
c the arthritic^j without amyloidosis of 
equal or longer duration. It appears ccr- 
fain that amyloidosis was secondary to 
r leumatoid arthritis in 5 of the (i ca.sc.s. 
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rheumatoid arthritis was progressing rap- 
idly. 

Hepatosplenomegaly was present in 4 
cases and hepatomegaly alone in 1. Five 
of the 6 patients showed peripheral edema 
of varying degree. Two of these 5 had 
serum albumin levels below 3 gm. The 
serum globulin was normal in all instances. 

Albuminuria of varying degree was . 
present in all of the patients. The only 
formed elements found in the urine were 
hyaline casts and white blood cells. There 
was some impairment of the ability to 
concentrate urine but nitrogen retention 
did not occur. Urea clearance was above 
50 % of normal in 5 of the 6 cases. Oddlj'^ 
enough, phenolsulfonephthalein excretion 
was markedly impaired in all patients. 

Liver function was tested in all patients. 
The bromsulfalein test was normal in all 
cases. Two patients had a S-f cephalin 
flocculation, 2 had hypoproteinemia with 
reversal of the albumin globulin ratio. 
The positive cephalin flocculation oc- 
curred in patients with normal serurn 
proteins. Hypercholesteremia and hypo- 
proteinemia were associated in 1 patient. 

A finding of great interest was the 
definitely low serum amino acid levels in 
all of our living cases, varying from 3.6 
to 5.1 mg. amino acid nitrogen per 100 cc. 
of serum (normal values 5 to 7 mg.). 
This might be referable, in the absence 
of controlled protein intake, to poor diet, 
poor absorption, increased loss of protein 
via the kidneys, but the possibility exists 
that a disturbance of protein metabolism 
in the liver may be the important factor. 

Hematologically all cases showed mod- 
erately severe normocytic hypochromic 
anemia. Evidence of rheumatic cardiac 
involvement oecurred in 4 of the 6 living 
cases. 

Comment. As a part of a study^” di- 
rected toward improving the accuracy of 
the Congo red test for diagnosis of amyl- 
oid disease, plasma volumes were studied 
in 5 cases, using T-1S24 (Evans blue). 
The volumes obtained were much greater 
than those predieted on the basis of body 


surface area (Table 2). Unusually rapid 
disappearance of the dye from the blood 
stream could give these results. Since 
T-1S24 is a vital dye, it might be fixed 
by amyloid tissue in a fashion similar to 
Congo red. By staining sections of tissue 
with T-1S24, it was found that amyloid 
tissue fixed the dye to a much greater 
e.xtent than normal tissue. If phenolsul- 
fonephthalein is also pieked up by amyloid 
tissue, it would, of course, not be useful 
in the study of renal function in amyloido- 
sis. That this state of affairs may exist 
is suggested by the faet that the phenol- 
sulfonephthalein e.xcretion test was quite 
low in these patients and not in accord 
with the results of the other tests of renal 
function. There is also a possibility that 
the failure to obtain abnormal retention 
of bromsulfalein in the blood stream, 
despite the extensive replacement of 
hepatic cells by amyloid deposition histo- 
logically, might be referable to a similar 
process. 

Analysis of the data fails to show, any 
difference in the severity and therapy 
between patients suffering with rheuma- 
toid arthritis who developed amyloid dis- 
ease and those who did not. 

It appears that deposition of amyloid 
does not occur as rapidly in rheumatoid 
arthritis as in tuberculosis or chronic 
suppuration. The amyloid process 2 )cr se 
was apparently not responsible for death 
in patients with rheumatoid arthritis. 
Earlier recognition of amyloidosis would 
permit testing the efficacy of the recently 
recommended therapeutie regimen of des- 
siccated whole liver powder.®’® 

Summary and Conclusion. 1. Four cases 
of amyloidosis were found among 58 
autopsied cases of rheumatoid arthritis. 

2. Six cases of amyloidosis were found 
among 56 living patients with rheumatoid 
arthritis. 

3. The incidence of amyloidosis appears 
to be higher in rheumatoid arthritis than 
is generally believed. 
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ELECTROENCEPHALOGRAPHIC RECORDS IN RELATION TO 
BLOOD PRESSURE CHANGES IN ECLAMPSIA 


By Hudson Jost, Ph.D. 
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Thirty-three electroencephalographic 
(EEG) records were obtained before, dur- 
ing , and after eclamptic convulsions in 
9 cases. Special attention is paid in this 
paper to the changes in the EEG and the 
improvement in the clinical picture when 
the high blood pressure, which- was asso- 
ciated with the toxemia, was lowered 
either through the use of a caudal anal- 
gesia, veratrum viride, or by allowing 
sufficient time to elapse for a normal drop 
in the blood pressure. 

As the blood pressure was lowered after 
use of any of these methods, the convul- 
sions ceased and the clinical picture im- 


proved markedly. The EEGs were ob- 
tained in some cases before delivery and 
the blood pressure was lowered artificially; 
however, in others the EEGs were obtain- 
ed following delivery, and whenever pos- 
sible follow-up EEGs were obtained for 
10 days following the delivery. 

An earlier report by Whitacre et al.^ 
gave a description of 1 case in which the 
EEG tracings were obtained at the same 
time the blood pressure was lowered 
through the use of a caudal analgesia. 
The 9 cases presented here represent a 
continuation of this study. 


A 



1 1 SEC 

lOOnnv' 

Fig. 1.— Electroencephalogram. Case 1. A, Record before delivery; blood pressure 145/100 B 
Record on day following deliverj% C and D, Record on same day -when blood pressure was failing 
E, Record on following day; blood pressure 140/120. F, Record 3 days after delivery G Record 
6 days after delivery. (Poland Photogs.) ’ (*) 

(*) Study facilitated by grant-in-aid from Life Insurance Medical Research Fund. 


( 57 ) 



58 


jost: blood pressuee changes in eclampsia 


Material. Three of the 9 cases have been 
selected as samples for special study since 
a large number of tracings were obtained 
and because they represent the whole group 
of cases. Bipolar (precentral to occipital 
leads) were used in all sample runs reported. 
Summaries of the remaining cases are given 
following the samples. 


On the following daj’’ another EEG va? 
obtained when the blood pressure was 
140/120 (Record E). A continued increase 
in the low voltage fast material and a de- 
crease in the high voltage slow activity is 
apparent. A sample of the record obtained 
the following day is given in Tracing F. 

The final sample (Record G) was o!> 


T.\bi.e 1.— Case 1 



Date 

(1046) 

Time 

B.P. 

A. 

Feb. 15 

. . < . 

145/100 


Feb. 17 

Baby delivered 
(caudal analgesia) 



Feb. 18 

(2 convulsions) 

172/lOS 

B. 

Feb. IS 

11:30-11:40 

C. 

Feb. 18 

3:20 

165/122 

D. 

Feb. IS 

4:30 

156/120 

E. 

Feb. 19 

.... 

140/120 

F. 

Feb. 20 

, . . , 

130/102 

G. 

Feb. 23 


100/70 


Case 1.— The EEG records obtained on 
this case are presented in Figure 1. This 
case is an example of the changes in the 
EEG when no specific treatment was given 
to lower the blood pressure at the time the 
EEG tracings were obtained. The routine 
Dieckmann treatment for eclampsia was 
used. 

This was a Negro girl, 15 years old, who 
was admitted to the hospital Feb. 15, 1946, 
with a slightly elevated blood pressure of 
145/100 and a trace of allmmin in the urine. 
An EEG tracing was obtained at this time 
(see Record A). At this time the EEG was 
essentially normal. 

On the following day the blood pressure 
was 170/120 and a trace of albmnin was- 
found in the urine. The ne.xt day her blood 
pressure was 180/120, and the baby was 
delivered through the use of caudal analgesia, 
at which time the blood pressure was dropped 
temporarily to 120/70. 

The day following delivery the blood pres- 
sure remained elevated at 170/120, and the 
patient had 2 con%'ulsions. There was 2-|- 
albumin in the urine. At this time an 
EEG was obtained which showed much high 
voltage slow activity. Records C and D 
were obtained the same day when the blood 
pressure was coming down. At .3:20 it was 
105/122, and at 4:30 it w.as 15G/120. It 
may be observed here that the slow high 
voltaac waves were giving way to the faster 
low voltage material. 


tained 3 days later. It should be noted in 
these last 3 records that there was a 
gressive change toward a more normal 
During this period of time the EEG iia 
not completely returned to the preconviil- 
sive level, but much improvement vas 
shov-n. 

Case 2. A Negro girl, 19 °'“' 

The EEG samples are presented ^ E’P"'® ^ 
This case was selected for A 

an example of the effect of • 

pressure by' the use of a caudal ana „ - • 

The patient entered the °n;,nn nnri 

194G, with a blood pressure of 170/100 and 

a trace of albumin in the urine. The 
had 3 convulsions before entering 
hospital. , q 

The first EEG was obtained ’ 

1946, the blood pressure ranging ben 
200/100 and 170/100, and the urine sh 
a 3-f- albumin. Records A tbroug i . 
obtained before and during 
tion of a caudal analgesia, at which i 
blood pressure was lowered from a ' f 
170/112 to a final stabilized level of 1- . 

Record A was obtained at 11 mo 
ivhich time the blood 
highest point. Thirty-eight cc. of_mc 
tvas administered, and at l/.i< ,■ ’,, 1 ,,, 
ilood pres-sure was 1C4/120. ' ppp, 

dow activity is still shown in t c 

[Record B). , , . , . m-ir, after 

Record C was obtained at I-- • 

m injection of 20 cc. more of rncuc. 
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and the blood pressure had been lowered 
to 150/100. 

Records D, E and F show the changes 
in the EEG as the blood pressure was low- 
ered from 150/100 to 100/70 and stabilized 
at 120/80. It should Ido noted that as the 
blood pressure was lowered, more fast activ- 
ity was observed and the slow waves, 
associated with the high blood pressure, 
were not found. 

The baby was delivered later this same 
day by a low cervical Cesarean section. 
Records G, H and I were obtained in the 
2 weeks following the delivery of the baby. 


Record G was obtained the day after deliv- 
ery, when the blood pressure was 190/120. 
It should be noted here that the high slow 
material, characteristic of the control run 
2 days earlier, predominates. 

Nine days after this run. Record H was 
obtained, at which time the blood pressure 
was 158/115. Nearly all of the slow activity 
had disappeared and fast low voltage waves 
were observed. The final record (I) was 
obtained 3 days later, at which time the 
blood pressure was 154/114, and the EEG 
was showing a return to a relatively normal 
pattern. 


A 

c 


f\/\AA/\/VyvvvvA^^ 






F 


G H 

I 

Fig. 2. — Electroencephalograms. Case 2. For details see text and Table 2. 


Table 2 — Case 2 



Date 


Caudal 


(1940) Time 

B.P. 

level 

A. 

Feb. 9 11:55 

170/112 

0 


38 cc. 1.5%.inetycaine Icdrochloride 


B. 

Feb. 9 12:07 

164/120 

0 


50 cc. 1.5% metycaine liydrochloride 


C. 

Feb. 9 12:16 

150/100 

0 

D. 

Feb. 9 12:20 

140/100 

T8 

E. 

Feb. 9 12:38 

100/70 

T 6 

P. 

Feb. 9 12:45 

120/80 

T6 


Baby delivered Feb. 10, 1946 


G. 

Feb. 11 

190/120 

0 

H. 

Feb. 20 

158/115 

0 

I. 

Feb. 23 

154/114 

0 



GO 
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Case 3. A Negro girl, 21 years of age, 
was admitted to the hospital on June 22, 
1946, with a blood pressure of 210/155, and 
the urine showed a 3+ albumin. This is 
an example of the use of veratrum viride 
as a method of lowering the blood pressure 
and the resulting changes in the EEG 
(Fig. 3). 


The patient was brought to the EEG 
room while having a convulsion and the 
veratrum viride was used to lower the blood 
pressure. Record A in Figure 3 was ob- 
tained at 11 ;16 A.M. on this date in an inter- 
convulsive state. The blood pressure was 
200/140. At 11 :20 a.m., 0.5 mg. of veratrum 
viride was administered. 





B 



[ 

100 /mv” 


TsEC 

E 


F G 

H f 

Fig. 3. — Eiectroencephaloerams. Case 3. For details see text and Table 3. 


T.^ble 3 — Case 3 



Date 

(1940) 

Time 

B.P. 

A. 

June 22 

11:16 

200/140 

B. 

June 22 

11:20 

(0.5 mg. veratrum viride) 
11:28 

200/140 

C. 

June 22 

(seizure) 

11:30 

205/I0S 

D. 

June 22 

(interseizure) 

11:32 

(0.4 mg. veratrum viride) 
11:45 

1 GO/1 10 

E. 

June 22 

11:47 

(0.4 mg. veratrum viride) 
11:58 

140/85 

F. 

Baby delivered June 24, 1946 

June 2C ... 

140/110 

G. 

June 2" 

. . . 

150/110 

n. 

June 2S 

- . . 

132/110 

i. 

July 2 

. • . 

120/90 
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Record B -was obtained during a convul- 
sion at 11:28 a.m. at which time the blood 
pressure was still 200/140. The interseizure 
pattern is shown in Record C when the 
blood pressure was 205/108. At 11:32, 
0.4 mg. more of veratum viride was admin- 
istered. Record D was obtained approxi- 
mately 15 minutes later during another 
convulsion. The blood pressure was 160/110. 
At 11:47 A.M. another 0.4 mg. of veratrum 
viride was administered and the blood pres- 
sure further lowered. 

A sample of the final EEG tracing in this 
examination is shown in Record E at which 
time the blood pressure was 140/85. It 
should be noted here that the high voltage 
slow waves were suppressed and some fast 
low voltage activity was appearing. 

The baby was delivered 2 days later, at 
which time a caudal analgesia was admin- 
istered and the blood pressure lowered from 
the initial 170/120 to 100/55 for a period of 
1 hour. Record F was obtained 2 days 
after delivery, at which time there was still 
a marked dysrhythmia. 

Records were also obtained 3 days after 
delivery (G), 7 days later (H) and 9 days 
later (I) . During this time the EEG 
changes were from those typical of grand 
mal epilepsy and the interconvulsive state, 
to a relatively normal pattern. The clinical 
picture improved similarly. 

Case 4. This patient was admitted to 
the hospital Feb. 7, 1946, with a blood 
pressure of 144/100. The baby was deliv- 
ered the same day, and immediately follow- 
ing delivery convulsions occurred. An EEG 
was obtained at this time which showed 
complete dysrhythmia from the whole cor- 
tex, with continuous spiking localized on 
the right side. The patient was comatose 
during most of the run and had left-sided 
as well as generalized convulsions. The 
patient died a few hours later. On autopsy 
a hemorrhage was found involving the right 
internal capsule and extending into the right 
ventricle. All the ventricles were filled with 
blood but only a few patches of blood were 
found in the subarachnoid space. It was 
noted on the autopsy report that a possible 
cause of the death maj’- be on the basis of 
toxemia in pregnancy. 

Case 5. This patient was admitted to the 
hospital on April 1, 1946, with a blood pre- 
sure of 170/120 and a l-f- albumin in the 


urine. An EEG record was obtained before 
delivery, during which time caudal analgesia 
was administered and the blood pressure 
lowered from the initial 170/120 to 100/55 
during a period of approximately 1 hour. 
The EEG changes were from those typical 
of grand mal epilepsy and the intraconvul- 
sive state to a relatively normal pattern. 
The clinical picture improved similarly. 
Records obtained on the day following, 
7 days later, and 9 days later, showed con- 
tinual improvement of the EEG as well 
as lowering the blood pressure and allevia- 
tion of symptoms. 

Case 6. The patient was admitted to 
the hospital on March 21, 1946, with a blood 
pressure of 175/140. In this case the EEG 
records were obtained only at times when 
the blood pressure was not lowered through 
the use of either veratrum viride or caudal 
analgesia. The EEG obtained on the 1st 
day of admittance was dysrhytlrmic from 
all areas, showing slow and fast high voltage 
mixed activity. Two days later the blood 
pressure was 150/122 and no improvement 
in the EEG record was observed. Ten days 
later the blood pressure was still shghtly 
elevated (140/114). The urine showed a 
3+ albumin and the EEG showed a very 
slight improvement on the earlier runs, but 
was still dysrhythmic. 

Case 7. The patient was admitted to 
the hospital on March 13, 1946, with a blood 
pressure of 190/130 and a 1-f- albumin in 
the urine. The EEG records which were 
obtained at this time showed gross dj’^s- 
rhythmia in the form of high voltage slow 
and fast material. Delivery was the follow- 
ing day. On March 14, another EEG was 
obtained and the blood pressure was 150/90, 
which showed marked improvement over the 
earher run, much of the record being rela- 
tively normal. 

Case 8. This patient was admitted to 
the hospital on May 10, 1946, with a blood 
pressure of 170/110. Delivery occurred that 
day, and 3 days later the patient had 2 con- 
vulsions. At this time the blood pressure 
was 146/100 and a 3-f albumin was found 
in the urine. The EEG at this time showed 
the continuous fast high voltage activity 
with some mixed slow material in all leads. 
Another EEG was obtained 7 days later, 
at which time the blood pressure was still 
elevated (140/105) and there was a trace 
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ol albumin in the urine. This EEG showed 
some improvement over the earlier run, but 
it was still not completely normal, showing 
high voltage beta waves and spiking activity. 

Case 9. The patient was admitted to 
the hospital on April 26, 1946, with a blood 
pressure of 220/145 and a 2+ albumin in 
the urine. An EEG was obtained at this 
time which showed dysrhytlunia from all 
areas, high voltage spikes, beta and slow 
components. The blood pressure was low- 
ered to 82/60 through the use of caudal 
analgesia and a slight improvement was 
observed in the EEG. Six da 3 ’^s later the 
blood pressure was still elevated to 180/120 
and the EEG showed little or no improve- 
ment over the earlier run and the clinical 
improvement was slow. 

Discussion. The findings of this studj' 
may be summarized as follows: 1. 
Changes in the EEG were associated with 
a drop in blood pressure, irrespective of 

what caused this change in pressure. Slow 
high voltage activity was replaced bj- the 
more normal low voltage fast material. 

2. Where the blood pressure did not 
change, the EEG did not improve. 

3. Convulsions appeared to be con- 
trolled by the drop in blood pressure. 

4. Clinical improvement was observed 
with drop of blood pressure and change 
in EEG pattern. 

Indirect evidence is available which 
indicates that one factor which maj* plaj- 
an important part in the changes de- 
scribed above is that of angiospasm or 
increased peripheral resistance. 

Studying the pial blood-vessels in cur- 
arizcd cats through a window while record- 
ing brain volume simultaneoush’ with 
blood pressure, Barrow, Green, Davis and 
Gnrol' observed dilatation of blood-i'c.sscls 
associated with low voltage fast EEGs 
after sponging the cut end of the nerve 
carrying parasympathetic impulses to the 
bniin. With hyperventilation, fibrillation 
of blood-ves.-iels was likewise observed, 
apparently concomitant with rhythmic 
eleetriKd aetiviU’. and paUnf' and con- 
striction appeared related to high voltage 
activity of the brain. Such methoels of 


observation, however, did not permit 
satisfactory demonstration of e.\-act tem- 
poral correspondence. 

Darrow and GraP attempted to obtain 
more conclusive evidence on the corre- 
spondence of EEG and vasomotor activity 
in identical or immediately adjacent 
regions of the brain. In a study on cats, 
a cranial window was prepared. Bipolar 
electrodes for recording the EEG were 
inserted through the glass window to 
enable microscopic observation of the 
cortex near the tip of the electrodes. The 
window w'as so constructed that the gla.s3 
plate containing the electrodes could be 
slipped around over the frame to permit 
contact of the electrodes with various 
points on the exposed cortex. The plate 
was held in place by a superimposed ring 
w'hich exerted pressure when laterally 
placed conical screws were tightened. 
Microscopic observation of brain and 
blood-vessels at the point of electrode 
contact and the surrounding area was 
possible. A more objective method of 
study', permitting recording of obsena- 
tions in parallel with the recording o 
the EEG, was obtained by the use of a 
Pulfrich photometer. _ ^ 

In this study', electrocorticogram, E • , 

and electrocardiograph recordings were 
made. In general, they found a tenc ency 
for increase of frequency, increased 
tial of fast waves, and decrease of s ow 
activity to be associated with a aso i a a 
tion, and that vasoconstriction gave t ic 
opposite, that is, increased potentia o 
slow waves and a decreased fast actn i y . 
These general results were found in s u 
ics with ether asphyxia, hypercapnia^ 
atropine and pilocarpine. During t le c.v 
perimental work, several animals (c'c 
oped convulsions of the grand tnal tyty- 
Spindles in the EEG were observed to w 
associated with waves of constriction 
passing along the arteries, gi'dng 1 w‘in 
the resemblance of sausage links. 

In this study the workers did not recorii 
svstemic blood pressure which w.'i--' 
tiiined in the earlier study.' However, 
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it might be assumed that with the blanch- 
ing of the cortex and change in the caliber 
of the arterioles, there was probably a 
rise in blood pressure due to changes in 
peripheral resistance. 

Generalization from studies done on 
animals applied to those on human sub- 
jects must, of course, be cautious, because 
of the large number of factors which dif- 
ferentiate the 2 groups. There is, how- 
ever, a relatively clear parallel between 
the findings on animal material and those 
obtained from the eclamptic patients in 
this study. It is suggested here -that 
perhaps one of the main factors in convul- 
sions due to eclampsia may be angio- 
spasm. Ophthalmoscopic examinations 
were not made on these patients. How- 
ever, this will be done in a continuation 
of this study. 

It is apparent that a great deal more 
work is necessary before conclusions can 
be drawn as to the part played by periph- 
eral resistance in the convulsions of 
eclampsia. It is suggested, however, that 
angiospasm may play an important role. 


Summary. Thirty-three EEG records 
were obtained before, during and after 
eclamptic convulsions in 9 cases. Special 
reference is made to the improvement in 
the EEG tracings and clinical picture when 
the blood pressure is lowered either 
through the use of caudal analgesia, vera- 
trum viride or by merely allowing suffi- 
cient time to elapse. Samples are given 
of each method and the resulting changes. 
The following factors were shown: 1. 
Changes in the EEG were associated with 
drop in blood pressure, no matter what 
caused the drop. Slow, high voltage ac- 
tivity was replaced by the more normal 
low voltage faster material. 

2. When the blood pressure did not 
change, the EEG did not improve. 

3. Convulsions were controlled by the 
drop in blood pressure. 

4. Clinical improvement was observed 
with the drop in blood pressure and the 
improved EEG pattern. 

5. It is suggested that perhaps angio- 
spasm played an important role in the 
eclamptic convulsions. 


With the cooperation of Dr. T. S. Hill, Professor of Psychiatry, and Dr. Frank Whitacre, Professor of 
Obstetrics and Gynecology. The author is also indebted to Dr. Robert A. Hingson and Dr. H. Charles 
Franklin, who administered the caudal analgesia, and Dr. Walter Loeb, who assisted in the selection 
of cases and carrying through of the clinical procedures. 
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In the early studies of Szent-Gv'orgyi 
and co-workers' (1936), the designation 
vitamin P was applied to the group of 
flavones present in extracts of paprika 
and lemon peel, which appeared to restore 
abnormally increased permeability of cap- 
illaries. From citrin Mager'® later iso- 
lated eriodictyol rhamnoside, and Higby'® 
studied a number of relatively crude 
flavone preparations and concluded that 
the eriodictyol glucosides could not be 
the source of vitamin P activity. Pure 
hesperidin, pure limonin and pure erio- 
dictyol had no effect on either blood pres- 
sure or capillary permeability, but the 
water-soluble a'cUow pigment from crude 
orange hesperidin was found to be active. 
This was identified as hesperidin chalcone, 
an unstable derivative, which on methyla- 
tion was stabilized without affecting its 
vitamin P activity. 

The clinical effect of vitamin P sub- 
stances has Iieen controversial, and infor- 
mation has been .based largely on observa- 
tion.s of the petechial index, as measured 
by the (bithlin test or one of its modifica- 
tions. and by Scarborough’s'^ ’® modifica- 
tion of Hecht’s'® negative pressure method. 
Tlic.«e methods provide at best only crude 
approximations, as there arc several known 
factors which influence the results and, 
fiirtlierrnorc, tlic positive and negative 
pre.-isiin.' inethod.s do not give comparable 
re.sults in the .same individual. Bell d aL* 


tested 142 healthy medical students by 
the negative pressure method and found 
low correlation in results, although the 
tests were consistent within themselvc.s. 
Beaser, Rudy and Seligman® used several 
methods and concluded that all negative 
pressure methods were unreliable. Never- 
theless, most animal and clinical stuclie.s 
indicate that vitamin P has a definite in- 
fluence on capillary permeability as dis- 
tinguished from the capillary lesion in 
scurvy (increased fragility) which re- 
sponds to ascorbic acid. 

Among the tests for capillary permea- 
bility is that described by Landis," ant 
later criticized by Bing,® who followed the 
same technique as Eppinger,^ and Szent- 
Gyorgi’i,' using a low pressure of 40 rnm. 
Hg. The patient lies for I ! 

arms horizontal, then the cuff is in atet 
(in this instance to 40 mm. Hg), and a er 
5 hour, blood samples are taken from eac | 
arm simultaneously and hematoent ant 
blood protein estimations made. T c 
tnition rate (.x) is then determined by a 
Cl 

formula: x = 100 — 100 , where Ci .mt 
C- 

C" !irc tiie percentile blood volume from 

the unconstricted and constricted arms, 

respectively. Bing believed that the c.x 
perimental error in this procedure was so 
great that it compromised the resu 
However, Landis had already stated t la 
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very low congestive pressures were unac- 
companied by any changes great enough 
to permit conclusions, while at pressures 
of 80 mm. Hg or more, the capillary wall 
becomes relatively permeable to fluid. 
Plass and Rourke^"* applied pressures mid- 
way between diastolic and systolic and 
noted petechial areas below the arm band, 
accompanied by blood dehydration and 
an increase in plasma proteins. 

Little is known about the absorption, 
utilization and excretion of vitamin P. 
The methods for quantitative measure- 
ment in body fluids are non-specific. 
Armentano ct alP- found citrin and erio- 
dictyol to be excreted in the urine and 
recovered about 50% following intrave- 
nous doses of 50 to 100 mg. Gero® admin- 
istered epicatechin orally and observed 
maximum excretion in 1 hour which then 
fell rapidly by the end of 3 hours. Only 
20% of the dose was recovered. Wilson 
and co-workers^^ developed a colorimetric 
test, using borocitric reagent, which ap- 
peared to be more specific for materials 
containing flavones similar in structure to 
quercetin, and amounts of citrin as low 
as 2 or 3 /^g. could be detected. Flavone 
determinations were carried out on plant 
tissues, but no flavone was detected in 
rabbit liver. The procedure seemed suit- 
able for determination of excretion rates, 
however, since hesperidin methyl chalcone 
could be quantitatively recovered follow- 
ing the addition to the urine. 

Since the acute toxicity of hesperidin 
methyl chalcone in mice, both Avhen given 
orally and intravenously, was found by 
Chen^® to be very low and there was no 
evident chronic toxicity in rats, it seemed 
expedient to determine whether adminis- 
tration of massive doses of hesperidin 
methyl chalcone would provide more spe- 
cific evidence of clinical effect on capillary 
permeability, as measured by repeated 
determinations of differences in blood con- 
centrations before and after constriction, 
and to determine what levels of dosage 
were required to provide saturation of 
patients as determined by the excretion of 
the substances in the urine. 


AVith the exception of Cases J. E. 
(malignant hypertension) and K. H. (cir- 
rhosis and Banti’s disease), the patients 
chosen for study were in the main from a 
large group of diabetics showing retin- 
opathy and, as a rule, grossly abnormal 
petechial indices, as measured by the 
modification of the Gothlin test described 
by Lewis, Schneider and McCullagh.^“ 
The blood pressure cuff was applied to 
the lower portion of the upper arm, in- 
flated to diastolic level, and allowed to 
remain 3 minutes. Blood samples were 
drawn before and after constriction. The 
petechise were counted in a 1 inch circle 
in the antecubital area. Capillary per- 
meability was considered to be increased 
if more than 20 petechiee were present. 
In many instances they have consisted of 
showers over the whole extremity, far too 
numerous to count. 

Observations were made at intervals 
ranging from 3 days to a week as ascend- 
ing doses of hesperidin methyl chalcone 
were administered. Doses as large as 
15 gm. were administered orally. Urine 
blanks of 24 hour samples were first deter- 
mined, while the patients were kept under 
observation for several days until the con- 
trols showed that no interfering substance 
was present, and in order to approximate 
an average normal excretion from natural 
sources. 

Method of Determination in Urine. The 
procedure of Wilson, Weatherby and Bock'" 
depends on the formation by boric acid 
under anhydrous conditions, of a j'-ellow 
complex with substances containing the 
flavone grouping. This color is greatly 
potentiated by citric acid. Recovery of 
hesperidin methyl chalcone (water standard) 
added to urine was found to be 99.6% 
of the theoretical amount. 

Results. Figures 1 to 5 are derived 
from the clinical and laborator^'^ numerical 
data plotted in % variation of concentra- 
tion, which presumably should reflect dif- 
ferences in capillary permeability. 

AA'ith the exception of Case A. AV., there 
was an apparent decrease in capillary per- 
meability as reflected by diminished per- 



%C0NCENTRAT10N 


06 


KIRTLEY, peck: MASSIVE DOSES OF VITAMIN P 



I’m. 1.— Eflcct of do'.iKc increases on % concentration of total proteins after -i minutes consiricfi' 

at diastolic pressure. 
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Fro. 3. — Initial apparent reduction in percentage concentration of hemoglobin after constriction 
ollowed by reversal of effect as higher dosages i-eached. Note opposite behavior of Case A. W. 



Fig. 4. — Cnanges in hematocrit after constriction, plotted as % concentration. 








G, — Excretion of hespcridin metliyl clmlcono in urine. Tliere wn** no quantitntivc relatioii.!i I 
between size of tIo.«e nini quantity of tlruc recovered from llie urine. 
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centage concentration of blood proteins as 
dosage of hesperidin methyl chalcone was 
progressively increased (Fig. 1). This was 
followed by a reversal of effect as doses of 
the order of 5 gm. or more daily were 
reached. Case A. W. behaved in a strik- 
ingly opposite manner. Similar results 
were observed in the determinations of 
erythroeyte concentration (Fig. 2), hemo- 
globin (Fig. 3), and hematocrit (Fig. 4). 
Only in effect on the petechial index 
(Fig. 5) was Case A. W. at all typical, 
and as shown in all the figures the varia- 
bility of the changes was considerable. 
The effect on petechial index was the most 
constant finding, but in this respect also 
the initial reduction in petechial counts 
was not regularly maintained as dosage 
of the drug- was progressively increased 
to levels as high as 15 gm. per day. 

The excretion rates of hesperidin methyl 
chalcone in the urine were disappointing, 
in that the total quantities recovered were 
low and bore no quantitative relationship 
to the quantity of drug administered 

(Fig. 6). 

The total lack of evidence of toxicity 
following these large doses is noteworthy. 
One patient stated that it increased the 
appetite. There were no significant ef- 
fects on blood pressure, pulse or respira- 
tion. Only in one case was hesperidin 
methyl chalcone administered other than 
orally. This patient, J. E., age 32, having 
malignant hypertension, was given 300 mg. 
intravenously. There was a sharp fall in 
blood pressure, obvious dyspnea, and com- 
plaint of a “bitter taste” in the mouth. 


The petechial index of 200-f- was not 
altered. 

Discussion. It is obvious that these 
methods fail to establish adequately the 
effect of hesperidin methyl chalcone on 
capillary permeability. The changes in 
concentration of blood proteins, erythro- 
cytes, hemoglobin, hematocrit and petech- 
ial index are too variable to be statistically 
significant. The rather prompt effect on 
blood concentration which was usually 
noted and the failure to maintain it sug- 
gest the possibility ' of a tachyphylactic 
phenomenon, and negate the possibility 
that doses larger than those that have 
ordinarily been administered might be 
more efficacious. This is a curious effect, 
if indeed the active substance is a vitamin. 

Lack of quantitative recovery" of hesperi- 
din methyl chalcone in the urine is also 
of interest. Either the drug is largely 
destroyed before or during absorption, or 
it may be utilized, or altered, or conju- 
gated in some manner so that it escapes 
detection by the test employed. 

Conclusions. 1. Studies of blood con- 
centration by estimation of changes in 
total proteins, hemoglobin, red blood cells 
and hematocrit before and after constric- 
tion are not adequate to determine the 
effect of hesperidin methyl chalcone on 
capillary permeability. 

2. The drug is not excreted in the urine 
as such. 

3. Hesperidin methyl chalcone has been 
non-toxic in doses up to 15 gm. daily. 


Thanks are due to A. Lee Caldwell and J. Q. Bellard, for earlier work on the excretion of hesperidin 
methyl chalcone in animals; to T. Woodmansee, for the adaptation of the borocitric method to clinical 
usage; and to the Resident Staff of the Lilly Laboratories for Clinical Research .J^for their cooperation 
in making the clinical determinations. 
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Since synthetic folic acid (L-casei 
factor) became available for general 
clinical use, several investigators have 
shown that this newest member of the 
vitamin B Complex is an active hema- 
topoietic agent for the ti'eatment of 
megaloblastic anemias. During tlie past 
two years, a number of patients with 
pernicious anemia in relapse have been 
treated with folic acid, and, as might 
well be expected, there has been con- 
siderable difference of opinion as to its 
efficacy in the treatment of this disease. 
It is established that folic acid is a 
very active hematopoietic agent and is 
effective in regenerating the blood ele- 
ments in persons having a megalo- 
blastic type of anemia. It is also certain 
that folic acid does not prevent or 
conti'ol the central nervous system 
changes commonly seen in pernicious 
anemia. 

This brief paper has three objects in 
view: 

(1) To make a comparison of the 


efficacy of folic acid and liver ex- 
tract in the treatment of perni- 
cious anemia in relapse. 

(2) To show the extreme variations in 
the magnitude of the reticulocyte 
response encountered in the treat- 
ment of pernicious anemia in re- 
lapse. 

(3) To indicate the limitations of tlie 
reticulocyte peak as a “yardstick” 
in the potency evaluation of anti- 
pernicious anemia preparations. 

Due to the multiplicity of methods 
used for the determination of hemo- 
globin, it has seemed best not to pre- 
sent these data. Observations will be 
limited to data on erytlirocyte re- 
generation and the magnitude of the 
reticulocyte response. 

From our laboratory records* it has 
been possible to collect complete data 
for 80 unselected cases of pernicious 
anemia in relapse ti’eated with par- 
enteral liver extract (of our own manu- 
facture); from several investigators**, 


* The autlior is indebted to: Dr. William P. Murphy, Peter Bent Brigham Hospital, Boston; 
Dr. J. E. Connery, Third Medical Division, Bellevue Hospital, New York; Dr. William B. 
Castle, Thorndike^ Memorial Hospital, Boston; Dr. William Dameshek, Boston Dispensary and 
Dr. Leo Meyer, Kings County Hospital, Brooklyn, for the data on patients (pernicious anemia 
in relapse) treated witli liver e.xtract. 

** The follovang investigators have very kindly supplied data on patients (pernicious anemia 
in relapse) treated witli folic acid: Dr. Luis Amifl, St. Luke’s Hospital, New York; Dr. Wilham 
B. Castle, Thorndike Memorial Hospital, Boston; Dr. William Dameshek, Boston Dispensary, 
Boston; Dr. William P. Murphy, Peter Bent Brigham Hospital, Boston; Dr. Joseph F. Ross, 
Evans Memorial Hospital, Boston; Dr. Carl V. Moore, Barnes Hospital, St. Louis; Dr. Byron E. 
Hall, Mayo Clinic, Rochester, Minnesota; Dr. John S. Lawrence, Strong Memorial Hospital, 
Rochester, N.Y.; Drs. William J. Darby, Edgar Jones and Henry F. Warden, Vanderbilt Hos- 
pital, Nashville; Dr. Philip V^agley, Johns Hopkins Hospital, Baltimore; Dr. Grace Goldsmith, 
Charity Hospital, New Orleans; Dr. David Miller and Dr. William H. Chappie, Edward J. 
Meyer Memorial Hospital, Buffalo; Dr. M. M. Wintrobe and Dr. G. E. Cartwright, Salt Lake 
General Hospital, Salt Lake City. 
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from data presented in Table I it has 
been possible to calculate the average 
daily rate of erythrocyte regeneration 
for each group of patients— these fig- 
ures also demonsti'ate that liver extract 
has produced better results. 

During the first years of liver 
therapy great emphasis was placed 
upon tlie character and extent of tlie 
reticulocytosis produced by peroral 
liver therapy. An early sharp rise in 
the percentage of reticulocytes in tlie 
peripheral blood was interpreted as an 
indication tliat the extract used was 
very potent and that a maximum 
amount of active material had been 
given. Cohn, Minot, Alles and Salter- 
were the first to formulate relationships 
between the reticulocytes and erythro- 
cytes in the peripheral blood. In 1930 
Riddle", using data obtained from 68 
patients receiving oral liver therapy, 
proposed a formula for the expected 
reticulocyte response at any given level 
of erythrocytes. In 1933 Bethell and 
Goldhamer' proposed a slightly differ- 
ent formula based on data obtained 
from the administration of stomach 
perorally and liver exti'act given intra- 
venously. In 1938 Isaacs and Fried- 
man-' proposed a formula based on 
data obtained from the inti-amuscular 
administration of liver extract. Subse- 
quently, the character and extent of 
the reticulocyte response became the 
“yardstick” for evaluating the potency 
of the various iDreparations of liver 
or stomach used in the ti'eatment of 
pernicious anemia. Extensive clinical 
experience with the intramuscular in- 
jection of liver extract has demon- 
strated se\'eral shortcomings in this 
method of determining potency: (1) 
extreme variations in the reticulocyte 
“peaks” produced by tlie same lot of 
filler extract in patients having es- 
sentially the same initial er 3 throcyte 
lei^el; (2) the appearance of a marked 


reticulocyte “peak” without subsequent 
and adequate regeneration of erythro- 
cytes; (3) almost complete absence of 
reticulocj^tosis, followed by the re- 
generation of erythrocytes at a maxi- 
mum rate. As early as 1933 Murphy^ 
pointed out the lack of uniformity 
encountered in the reticulocyte “peaks” 
and noted that the rate of erythrocyte 
regeneration was much more constant 
and suggested that it might well be a 
better “yardstick” for estimating po- 
tency of anti-anemia products. Analy- 
sis of Murphy’s data for 48 patients 
shows as much as 300% difference 
between the high and low reticulocyte 
peaks observed for a given initial 
erythrocyte level. Chart 2 contains 
data for the reticulocyte “peaks” of 
227 unselected cases of pernicious 
anemia in relapse ti'eated with liver 
extract"' given intramuscularly. In 
order better to evaluate and compare 
these data, there have been included 
a curve constructed from data supplied 
by the U.S. Pharmacopoeia Anti- 
anemia Preparations Advisory Board® 
and a second curve prepared from data 
supplied by the Council on Pharmacy 
and Chemistry'' in 1936. 

In the group of patients ti'eated 
with liver extract (Chart 2) with eryth- 
rocyte levels between 0.50 and 0.99 
million/cu. mm., the lowest reticulo- 
cyte “peak” was 11.8%, tlie highest 
was 48.8%. Between 1.00 and 1.49 
levels the lowest observed “peak” was 
7.5%, tlie highest was 48.8%. For 
levels between 1.50-1.99 the lowest 
“peak” was 5.3%, the highest was 34%. 
In die last groiqi, with levels between 
2.00-2.50, die lowest “peak” was 4.7%, 
the highest 28.8%. A study of die 
data presented in Chart 2 indicates 
that the figures set fordi by die U.S.P. 
Anti-anemia Preparations Advisory 


Board for e.xpected reticulocyte “peak” 
at various erythrocj^te leiels are too 


The data on reticulocyte “peaks” have been obtained from the clinical assavs of liver e.v- 
tract prepared by Lederle Laboratorie.s. Inc. 
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evaluating tlie potency of anti-anemia 
preparations. 

Summary. A comparison of the 
hematopoietic response caused by liver 
extract or folic acid over a SOrday 
period, in patients vvdth Addisonian 
pernicious anemia in relapse, indicates 
that the rate of erythrocyte regenera- 
tion is higher with liver exp-act than 
with foUc acid. 


The variations in the reticulocyte 
peak observed at any given erythrocyte 
level are too great to permit use of this 
physiological reaction as a ' quantita- 
tive measure of tlie potency of anti- 
anemia preparations. Certain revisions 
(for the lower erytlirocyte levels) for 
U.S.P. “standards” are suggested. 

Usually the reticulocyte “peak” is 
much lower with fohc acid than has 
been found for liver extract. 
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SEVERE PAROXYSMAL CARDIAC PAIN AS A PRODROME IN 

IDIOPATHIC EPILEPSY 


By J, W. FISCHER, M.D. 

ASSISTANT CLINICAL PBOFESSOR OF MEDICLNE. 
UNIVERSITY OF ILLINOIS COLLEGE OF MEDICINE 

CHICAGO, ILLINOIS 

(From the Department of Medicine, Cook County Hospital 
and Garfield Park Commum’ty Hospital) 


An “aura” is generally considered to 
precede the convulsion in epilepsy by 
1 to 5 minutes, rarely more. Usually 
the aura instantly announces die com- 
ing fit, Prodromata, on the other hand, 
are symptoms which may occur hours 
or days before the actual fit. Yet dis- 
tinction may not prove a simple matter, 
for some of the prodromal symptoms 
may continue virtually to die moment 
of onset while others are placed by 
different observers in different cate- 
gories.® 

In general, prodromata fall into one 
of 4 groups: (1) motor, (2) sensory, 
(3) psychical and (4) visceral. 

The most common of all are the 
motor type, and of diese, myoclonic 
twitches or sudden starts affecting one 
or more limbs occur most frequently. 
This motor jactitation occurs during 
the early morning hours or when rising 
out of bed. 

The sensory phenomena are mani- 
fested by headache, vertigo, recurrent 
flashes of light or tinnitus aurium. 

The psychical type demonstrate al- 
teration in mood, irritability, depres- 
sion, a desire to be left alone, or 
anxiety. 

The visceral prodromata may mam'- 
fest diemselves by anorexia or the 
reverse (ravenous appetite), dyspepsia, 
flatulence, cutaneous eruptions (ery- 
thema, pruritus), malaise, a sense of 
oppression or tightness across die an- 
terior aspect of the chest. The vis- 
ceral group comprises symptoms of 
circulatory, respiratory, vasomotor, ves- 
ical, rectal and pupillary nature. It is 
(78) 


apparent, therefore, that disturbance 
in function occurs in organs innerx^ated 
by the vagus nerve and presumably 
starts in vagal nuclei on the floor of 
the fourth ventricle and adjacent to 
the vasomotor centers. 

Obscurities arise when one ap- 
proaches the question of epileptic sei- 
zures of visceromotor or viscerosensory 
origin. On general grounds, participa- 
tion of these centers in epileptiform 
manifestations must be conceded. The 
sudden pallor of many cases with petit 
mal and the “nervous faints” are in- 
stances in point. Earlier vrriters® 
termed these episodes “vagal or vaso- 
vagal attacks” and because of their 
periodicity they were thought to be 
of the nature of epileptiform dis- 
charges in these lower centers. 

Severe paroxysmal pain of the char- 
acteristic cardiac type was observed as 
a prodromal manifestation of epilepsy 
in 2 young women, one of whom had 
rheumatic heart disease ^which made 
the etiology of die cardic pain more 
perplexing. 

Case Reports, CASE 1. V. J., a 34- 
year old colored female, stated that on 
Nov. 25, 1947, at 1 p. m. while leaving 
a cafeteria in the building where she was 
employed and climbing up one flight of 
stairs she experienced a constricting pain 
over the precordium which radiated to 
the left arm and scapula. This was fol- 
lowed by .shortness of breath and uncon- 
sciousness. She was then brought to 
the company doctor where she regained 
consciousness, but was still orthopneic 
and dj'spneic. She was given amyl nit- 
rite inhalations and morphine sulfate 
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hypodermically, but showed no improve- 
ment, and so transfer to the hospital was 
advised. The dyspnea persisted in the 
admitting room of tlie hospital, and she 
was sent to a medical ward with a ten- 
tative diagnosis of acute coronary insuf- 
ficiency. 

Previous History. The patient stated 
that she had been more or less sickly all 
her life and was troubled with headaches 
which were made worse during menstrual 
periods. There was no history of epilepsy 
or migraine in the family and she had 
given birth to 3 children, the last a Mon- 
golian idiot. There was no history of 
rheumatic fever or syphilis. In February, 
1944, a hysterectomy was done and one 
year later patient began to have typical 
“grand mal” epileptic seizures. The aura, 
at first, consisted of a “queer feeling” 
throughout the body. At first she had 
about 3 seizures a month. From March 
until June, 1945, she was at a health re- 
sort in Arizona, but continued to have 
the same number of convulsions. On one 
occasion she attempted suicide because of 
inability to hold a job on account of her 
illness. At the time of her admissioii to 
the hospital she had been taking dilantin 
1.5 gr. t.i.d. and phenobarbital gr. 1.5 as 
prescribed by a dispensary that she had 
been attending. Despite medication she 
continued to have convulsions at irregular 
intervals. This was tire first time the 
convulsion was preceded by pain over the 
heart. 

Course and Progress. The patient was 
very intelligent and cooperative. She was 
an.xious to do anything that would make 
her well. While at the hospital she was 
observ^ed during several typical attacks. 
She would suddenly have severe precor- 
dial distress which was described as a 
“pressing” feeling which radiated to the 
left arm and scapula. This would be fol- 
low'ed by dyspnea and orthopnea. She 
was given various cardiac drugs such as 
nitroglycerin, amyl nitrite and aminophyl- 
line intravenously witli no apparent ef- 
fect. After a period of from 15 to 30 
minutes she would go into a h-pical grand 
mal conx-ulsion. Status epilepticus oc- 
curred on one occasion w-hile in the hos- 
pital which was controlled by sodium 
amytal intravenously. 


Examination disclosed a thin, appre- 
hensive, colored female. The pupils re- 
acted to light andoon accommodation, 
fundi were normal. She had normal 
fields of vision and active comeal reflexes. 
Motor power was good. The superficial 
reflexes were normal and the deep re- 
flexes were hyperactive. Light touch, po- 
sition and stereognosis were normal. Gait 
showed good coordination. The heart 
and lungs were normal. Spinal fluid ex- 
amination revealed the following: pres- 
sure 80mm., clear and colorless, normal 
dynamics, cell count 4, Pandy and colloi- 
dal gold negative, Wassermann negative. 
Blood count and blood Wassermann were 
negative. The chest X-ray and electro- 
cardiogram were normal. X-rays of skull 
in anteroposterior and lateral views were 
normal. Electroencephalogram revealed 
low voltage, 11 to 12 per second activity. 
Parietal and frontal areas showed bursts 
of 6 to 8-per second and bursts of 4 to 6- 
per second waves, moderate build-up with 
hyperventilation. Impression: moderately 
abnormal electroencephalogram with fre- 
quent slow waves most marked in frontal 
and parietal areas. 

Case 2. S. D., a 34-year old white fe- 
male, married, one child, stated that on 
Christmas night, 1946, while reading a 
magazine, she was suddenly seized with 
a severe agonizing pain over the lower 
sternal and precordial areas which radi- 
ated down the left arm as far as the 
wrist. She stated the pain was unbear- 
able and begged for relief. Her face was 
pale and covered with clammy perspir- 
ation. She was sitting up in bed witli her 
head tlirowm backward as if this were the 
only position that would afford some de- 
gree of relief. Tachypnea was present, 
but seemed to be a result of tlie severe 
pain. The temperature and pulse and 
blood pressure were normal. She was 
given morphine sulfate and atropine hypo- 
dermically and after 15 minutes, die con- 
dition remained unchanged. She was 
•then taken to the hospital, given o.xygen 
and die attack gradually subsided. 

Previous History. Patient was an 
adopted child and had no information 
about her parents. She was always highly 
emotional and given to fainting spells. 
There was no histori’ of rheumatic fever 
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2. Elec^ocardiogram taken during die paroxysm of pain, showinc shVht de- 
pression of S-T segment in CFi. In addition, tliere is slight depression of S-Ts, low to inverted 
T waves in Lead I, and right axis shift. 


which radiated to tlie left shoulder and 
left anil. She was sitting up in bed 
clutching her left breast and at the same 
time tearing her nightgowm into shreds. 
Her face was pale and slightly cyanotic 
about the lips and her forehead coi'ered 
with beads of perspiration. Her head was 
extended backward in an opisthotonus po- 
sition. She made attempts to get out of 
bed as it appeared as though walking 
would relieve her. She was markedly 


dyspneic but no rales were heard. Sev- 
eral of the hospital personnel weie about 
her bed at the time of die pain, but she 
did not seem c-ognizant of their presence. 
Various drugs were tried, such as sublin- 
gual administration of nitroglycerine, amyl 
nitrite, and aminophj’lline intravenousl>% 
hut these were of no avail. An electrocar- 
diogram (Fig. 2) taken at this time showed 
only ver>* slight depression of S-T^ and 
tliis u’as not thought deep enough to be 
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diagnostic. After oxygen administration, 
the attack gradually subsided, although 
when these agents were withheld in other 
attacks they subsided in approximately tlie 
same lengtii of time. The patient 
seemed confused and bewildered after 
the attack and seemed surprised to note 
the look of concern on the faces of tliose 
about her. There then followed an after- 
math of somnolence and much weakness 
so that she was unable to get out of bed 
for days at a time. She had several of 
these episodes in the month she remained 
at the hospital, some being milder than 
others. There was always hyperesthesia 
over the apical region of the heart. 

It was later learned from the husband 
that in 1941 he had come home from work 
one night and found his wife lying on 
the couch in a "trance” as he called it. 
A local doctor was called who diagnosed 
a nervous disorder and ordered the patient 
to the hospital. The patient remained in 
the hospital for 10 days and had no 
attacks of any kind. She was discharged 
undiagnosed. The urinalysis and blood 
count were normal. An intracerebral les- 
ion was suspected and skull X-rays were 
negative. The sella turcica was small but 
within normal limits. Spinal fluid exami- 
nation revealed the following: Wassermann 
negative, sugar 76, protein 38, Lange 
colloidal gold test 1111100000. 

The electrocardiogram at that time 
showed sinus bradycardia, normal axis 
and rather prominent T waves in the 
standard and precordial leads. 

It was later learned that at times she 
would complain of being tired, weak and 
warm and would lie down. Right after 
this she would not respond to questions 
and her husband noted a vacant look or 
fixed expression with facial pallor and 
slight hvitches of the Ups and tongue. On 
one occasion while tending to her baby 
she suddenly found herself on the floor 
with a “goose egg” on the back of her 
head. 

Discussion, Pain over tlie heart may 
be due not only to pathologic condi- 
tions in the heart or aorta, but also to 
abnormal states of the nervous system, 
both cerebrospinal and vegetative. 
Therefore, in an analysis of altered 


cardiac sensation tlie existence of ex- 
traneous factors entirely apart from 
the disease under investigation must 
be recognized and their relative im- 
portance in the production of symp- 
toms must be evaluated. 

From a description of these 2 cases 
it is obvious tliat the various mani- 
festations they exhibit place them in a 
different category from that of patients 
with so-called classical symptoms of 
angina pectoris. First, the pain was 
spontaneous and not preceded by ef- 
fort or emotion. The distress had no 
relationship to meals and was never 
preceded by nausea or vomiting.. Rest 
did not offer any relief. It is also 
of interest in that the attacks occurred 
over a certain “cruciaF period, and 
then the patient might remain free 
from pain for months to years. 

The first case, however, closely simu- 
lated a ti'ue anginal syndrome, and 
in fact, the patient was treated as an 
acute coronary occlusion in 2 different 
institutions. V^ffiile under observation 
at the hospital, it was noted that each 
con\Tjlsion was preceded by a par- 
oxysm of chest pain of 15 to 60 minutes 
duration and it was interesting that 
each resident physician who saw her 
in tlie early attack administered nitrites, 
aminophylline, oxygen and other card- 
iac drugs. These measures seemed to 
have no effect on tlie pain. After each 
seizure she would fall asleep for 
several hours and when she awoke 
the pain had disappeared. 

In tlie second case, the cause of the 
pain was a little more difficult to 
analyze. Tlie patient was known to 
have clironic rheumatic heart disease 
with mitral stenosis and insufficiency 
and aortic regurgitation. It is com- 
monly known®’" that aortic insufficiency 
may be associated witli typical attacks 
of angina pectoris. This has been 
explained as due to tlie low diastolic 
pressure which results in incomplete 
filling of the coronary arteries and thus 
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produces a relative anoxemia of the 
heart. Even uncomplicated mitral 
stenosis^’^’" may give rise to an anginal 
syndrome probably due to inadequate 
coronary circulation on effort. Pain 
in rheumatic heart disease may also 
be due to (1) pericarditis, (2) active 
rheumatic heart disease with coronary 
artery lesions'*, or (3) added effort of 
paroxysmal tachycardia, paroxysmal 
flutter or fibrillation, or in congestive 
heart failure. 

Schwartz® described a form of severe 
paroxysmal cardiac pain in 5 young 
adults all of whom had rheumatic 
heart disease with aortic insufficiency. 
His cases were also characterized by 
violent palpitation of the heart, vaso- 
motor phenomena, marked pulsations 
of tlie peripheral vessels and increased 
blood pressure. These patients showed 
various psychopathic stigmata and 
some were given to syncopal attacks. 
However, he did not consider any 
relationship of these symptoms to epi- 
lepsy. 

Gowers® states that a cardiac aura 
is not common in epilepsy. He cites 


the case of a boy, aged 16 years, sub- 
ject to fainting spells, each preceded 
by stabbing pains over the heart fol- 
lowed by loss of consciousness. On 
return of consciousness after a minute, 
he struggled and had to be held down, 
evidently in the hysteroid state that so 
often follows minor epilepsy, but never 
occurs after cardiac syncope. Yet the 
case had first been regarded as one of 
simple “cardiac faints” on account of 
the initial pain, which was really an 
epiliptic aura. 

Summaiy. Two cases of idiopathic 
epilepsy are described in which tlie 
prodromata consisted of severe par- 
oxysmal cardiac pain simulating true 
angina pectoris. In one ease, tliough 
rheumatic aortic insufficiency and mit- 
ral stenosis and insufficiency were pre- 
sent, it was felt that tliese valvular 
lesions did not conti'ibute to the angina 
pectoris syndrome. 

It should be emphasized tliat severe 
precordial pain may be due not only 
to intrinsic disease of the heart or 
aorta, but also to abnormal states of 
the nervous system. 
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blood sugar was not critically lowered. 
In other instances, symptoms were ab- 
sent even when the blood sugar was 
markedly depressed. Again, Banting, 
Best and their associates^’®’'*® were the 
first to make such observations. Similar 
findings were later described by many 
others in various types of experimental 
and clinieal hypoglycemia’’^’®^’®^’®®’^®* 

49 , 50 ,52 ,62, 63, G5b. 66a, 07, 73. 79, 8(1, 92, 93, 99, 103, 105, 111,112, 
114, 116, 119a. 

To account for the lack of parallelism 
between the chnical and laboratory 
findings in hypoglycemia, it was sug- 
gested tliat in the absence of critically 
low blood sugar levels, symptoms 
were produced by a rapid fall of tire 
blood sugar®’-^’^®’®'*’^^"’^^®®. However, 
tlie question why some patients re- 
mained symptom-free in spite of a 
marked depression of the blood sugar 
was left unanswered. 

Two explanations were offered to 
account for tlie mechanism whereby 
lowering of the blood sugar produced 
clinical symptoms. Since some of the 
symptoms were similar to those which 
followed tlie injection of epineplu-ine 
(mydriasis, tremor, tachycardia, etc.), 
some workers^®’®'*’"^’^®’^^® ascribed the 
hypoglycemic symptoms to a secondary 
release of ej)ineplu'ine. Other investi- 
gators implicated the centi’al nervous 
system. In 1928, Joslin®®® stated “It 
may possibly be that tlirough the low- 
ering of blood sugar, certain oxidative 
processes become dejpressed to such 
a degree that the brain cells are af- 
fected in much the same manner as in 
asphyxia." This wew found support 
in the studies of Lennox" and of 
HiimWch and Nahuni'’® w'hich disclosed 
tliat tlie respiratory quotient of the 
brain approximated unity, a finding 
which indicated tliat tlie brain deri\-ed 
its energ}’ chiefly from carboln-drate. 
Thus, a diminished supply of glucose 
to the brain such as might occur in 
hypoglycemia would reduce the cere- 
bral metabolism and thus produce the 


clinical picture of hypoglycemia. From 
observations made during insuhn shock 
therapy, Frostig'*® and Himwich®^ di- 
vided the symptoms of acute hypo- 
glycemia into 5 phases and correlated 
the sequence of tliese phases with the 
depression of tlie metabolic rate at 
various levels of the brain. 

More recently, it was found tliat 
the effect of hypoglycemia on tlie func- 
tion of the brain was an indirect one. 
Holmes®®, Dameshek et al.®® and par- 
ticularly Himwich and Fazekas®® show- 
ed that low blood sugar values dimin- 
ished cerebral oxidative metabolism, 
whereas the administration of glucose 
was followed by an increase in tlie 
oxygen uptake by the brain. Cerebral 
anoxia as the immediate factor in the 
production of hypoglycemic symptoms 
was furtlier accentuated by other 
studies of Himwich and by tliose of 
Gellhorn and Kessler*®. 

Feldberg®®’®® noted that tlie synthe- 
sis of acetylcholine by brain tissue was 
stimulated by low concentrations of 
glucose and inhibited when the sugar 
content of the medium was as high 
or higher than tliat in normal blood. 
Since acetylchohne was a convulsant, he 
suggested that tlie increased produc- 
tion and release of acetylcholine by tlie 
nervous system during hypoglycemia 
might account for part of tlie picture 
of the hypoglycemic reaction. 

From tlie foregoing, it appears that 
much emphasis has been placed on the 
variations in blood sugar during hypo- 
glycemic reactions and not enough on 
the dynamics of cerebral sugar metab- 
olism. It is obvious, however, tliat 
the utilization of sugar by the brain 
cannot be measured by tlie rate of 
supjily of glucose but radier bj’ the 
magnitude of cerebral consumption of 
this fuel in relation to the energetic 
needs of the brain, ^^fllile it is readily 
understood that a low blood sugar 
may lead to carbohydrate starvation 
of the central ner\’ous system accom- 
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panied by clinical symptoms of hypo- 
glycemia, the absence of the hypo- 
glycemic reaction even when the blood 
sugar is critically depressed can be 
explained only by assuming that (a) 
the decrease in blood sugar is not 
necessarily equivalent to a decrease in 
brain sugar and (b) a low blood sugar 
does not greatly affect a brain whose 
energy requirements are relatively low. 

Evidence is available to support the 
view that tlie cerebral consumption of 
sugar does not parallel blood sugar 
variations. Kerr and Best^"® postulated 
that as a result of utilization of sugar 
by the central nervous system, die 
sugar content of the brain is always 
lower than tlie blood sugar level. On 
the odier hand, Himwich and Fazekas®'' 
in experiments with dogs injected with 
insulin found a glucose uptake of 13.1 
mg. per 100 cc. when the blood sugar 
I anged from 110 to 62 mg. per 100 cc. 
and only a slight reduction in uptake 
to 12.5 mg. per 100 cc. when the blood 
sugar was depressed to between 46 and 
25 mg. per 100 cc. As for variations 
in cerebral energy requirements. Can- 
non et al.^** observed that in cats deep 
chloralose anesthesia reduced or abol- 
ished the insulin reaction although it 
did not prevent die fall of the blood 
sugar. Hogler®^ demonsti'ated that dur- 
ing veronal or luminal anesthesia in 
rabbits even a profound hypoglycemia 
was not accompanied by convulsions. 
Of particular significance were the 
observations of Harrison'® who in dia- 
betic children under 12 years of age' 
found insulin reactions to occur at a 
lower blood sugar level than in adults. 
Similarly, White”® noted die infre- 
quent occurrence of hjpoglycemic reac- 
tions in babies with subnormal blood 
sugars. Himwich®'' in commenting on 
\Vhite’s paper suggested that since the 
metabolic rate of a newborn infant 
was much lower than in the adult, the 
energy expenditure of the brain of die 


infant must of necessity also be much 
lower than in the adult. 

On the other hand, it is conceivable 
that with normal blood sugar values 
the rate of supply of sugar to the brain 
may be decreased beneadi die cerebral 
metabolic requirement. Although diere 
is no evidence available to support 
such a view, this hypothesis is suggested 
by analogy on the basis of studies on 
the distribution of fructose between 
arterial blood and brain tissue. Klein 
et al."® in experiments with eviscerated 
rats recently demonstrated that the 
proportion of intravenously adminis- 
tered fructose wliich passes to die brain 
is so small that diis sugar cannot main- 
tain normal brain function. By as- 
suming that passage of glucose to die 
brain may under certain circumstances 
be similarly disturbed, one might ex- 
plain the occurrence of hypoglycemic 
manifestations in absence of laboratory 
evidence of hypoglycemia. 

Another dynamic factor diat must 
be considered is the ability of the 
brain not only to absorb but also to 
release sugar. Himwich and Fazekas®® 
reported that when the blood sugar 
was raised to high levels by die intra- 
venous administration of glucose, the 
cerebral sugar uptake was almost 
doubled (23.5 mg. per 100 cc.). When 
the blood sugar was rapidly raised and 
then quickly reduced by administra- 
tion of both glucose and insulin, the 
brain secreted glucose into die blood 
stream during die fall of the blood 
sugar, with the result that more sugar 
was found in venous than in arterial 
blood. These data are in keeping with 
the earlier observations of Rosenow'®'- 
who in a case of spontaneous hypo- 
glycemia found no arterio-venous dif- 
ference in blood sugar and with those 
of Holzer and Klein®® and Butt and 
Keys®® who in hypoglycemia after in- 
sulin found die oxygen saturation of 
venous blood to be of the same mag- 
nitude or even higher than that of 
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arterial blood. It is to be noted, how- 
ever, that these writers ascribed such 
arterialization of the venous blood to 
an increased blood flow whereby less 
oxygen would be given off by the 
blood to the tissues rather than to the 
activity of the tissues tliemselves. 

Mention should also be made of the 
equilibrium which exists between the 
sugar concentration in the blood and 
in the cerebral fluids. Under normal 
conditions, the sugar content of the 
blood is higher than that of the cere- 
brospinal fluid, the ratio being roughly 
2:1. In insulin hypoglycemia, the 
sugar concentration in the cerebro- 
spinal fluid usually remains unchanged 
or it may be increased so that the ratio 
becomes reversed^^'. During hypo- 
glycemic reactions, Gravano^“ found 
the concentration of glucose in blood 
and cerebrospinal fluid to be 40 and 
163 mg. per 100 cc., respectively, and 
Sigwald'“° 65 and 100 mg. per 100 c.c. 

Constriction of the cerebral arte- 
rioles and capillaries may occur in se- 
vere hjqioglycemia. In irreversible in- 
sulin coma, Ferraro and Jervis®'’ found 
endothelial proliferation and oblitera- 
tion of small vessels and capillaries in 
the cerebral cortex. These vascular 
alterations were considered to be a 
factor in the production of brain anoxia. 
Reitman'”’ reported on the efficacy of 
vasodilator drugs such as nicotinic acid 
and amyl nitrite in abolishing hypo- 
glycemic convulsions. More recently, 
Sindelb®'’ published his findings on 3 
patients with hypoglycemic coma who 
recovered following the use of amyl 
nibite by inhalation. However, cere- 
bral vasoconstriction does not seem 
to play a significant part in the causa- 
tion of milder hypoglycemic reactions 
since according to Colib and Lennox'"’ 
the cerebral circulation is not impaired 
during hypoglycemia as long as there 
is no loss of consciousness. These 
writers also ascribe the electi oencepha- 
lographic changes accompanWng sub- 


normal blood sugars not to circulatory 
abnormalities but to changes in blood 
chemistry. 

From the foregoing, it is evident tliat 
carbohydrate metabolism of the brain 
is subject to a number of factors. The 
variations of glucose in the blood are 
undoubtedly important but of major 
significance appears to be the active 
participation of the brain in controlling 
its own consumption of glucose. This 
may represent a mechanism whereby 
the brain tissue can protect itself 
against a dearth of this nutritive sub- 
strate. This dynamic concept of cere- 
bral carbohydrate metabolism may pro- 
vide a better understanding of tire 
hypoglycemic reaction. It may explain 
the reported inconsistencies between 
clinical and laboratory findings in hypo- 
glycemia since it may account for 
both the absence of symptoms with 
distinctly hypoglycemic levels as well 
as for the occurrence of symptoms wtli- 
out subnormal blood sugar levels. In 
accordance with tliis concept, the 
hypoglycemic symptoms may develop 
(a) when tlie decrease in blood sugar 
is very profound and cannot be com- 
pensated for by an increased cerebral 
glucose consumption, (b) when tire 
transfer of glucose from tlie blood to 
the brain is appreciably reduced and 
(c) when die brain tissue is unable to 
absorb adequate amounts of sugar or 
to utilize it properly even though die 
sugar may be supplied at a normal rate. 
In all these instances, glucose con- 
sumption by die brain is diminished 
below the cerebral metabohe needs. 
Such cerebral glycopenia may then 
produce the hjqioglycemic reaction 
eidier by way of cerebral anoxia, by 
disturbances in die metabolism of 
aceUdeholine or possibly by still an- 
other unknowTi mechanism. 

Pseudohypoglycemic Reactions. 
Symptoms usually associated wdi 
Inqioglycemia may occur in various 
conditions in which the carbohydrate 
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as Underhill^® reported that in rabbits 
administration of calcium accelerated 
the hyperglycemia and enhanced the 
glycosuria produced by adrenaline. 
According to Oliva®^, glucose caused 
a slight increase and insulin a slight 
decrease in serum calcium in normal 
and diabetic subjects. However, clini- 
cal observations indicated tlie useful- 
ness of calcium in suppression of hypo- 
glycemic convulsions after insuHn even 
though this therapy did not influence 
tlie hypoglycemia The 

beneficial results obtained with cal- 
cium salts in hypoglycemia associated 
with hypocalcemia reported by Fabry- 
kanF" may of course be explained by 
the coexistence of these two conditions. 

While no attempt is made to connect 
causally the 3 conditions, hypogly- 
cemia, hypocalcemia and cerebral dys- 
function, recent data on tire relation 
between tlie metabolism of calcium, 
carbohydrate and acetylcholine indicate 
that the mechanism involved in tlie 
production of clinical reactions in these 
conditions may be similar. 

Reaction Threshold. Since there is 
no absolute relationship between die 
blood sugar values and hypoglycemic 
reactions, Sevringhaus^'’^ suggested 
that the level at which reactions oc- 
cur is an individual pattern. John®' 
reported tiiat the level may vary even 
in the same individual from one day 
t^o another. 

Tlie frequent occurrence of reactions 
at comparative!)' high blood sugar 
values raises the question of a reac- 
tion threshold. Fletcher and Caniii- 
bell'® stated that “when a reaction has 
already been e.xperienced, the onset of 
a subsequent one is usual!)' recognized 
b)' the patient when the blood sugar 
percentage falls to some point between 
O.OS and 0.07 per cent.” Joslin®®*^ ob- 
served what he termed “false hypo- 
glycemic reactions” to occur with blood 
sugar values of from 220 to 290 mg. 
per 100 cc. In two instances, these 


false reactions resembled so closely a 
ti’ue reaction “as to mislead a mu'se 
and an assistant of great experience.’ 
From a study of 1000 cases of diabetes, 
John®® concluded tliat in nearly SO^o 
of insulin reactions, tlie blood sugar 
was high. On several occasions, he 
found values between 110 and 394 mg. 
per 100 cc. Harrop®® reported blood 
sugar values between 110 and 150 mg. 
per 100 cc. in 4 diabetic patients witli 
insulin reactions. It may be assumed 
that in such cases a certain individual 
susceptibility to reactions exists since 
it is common knowledge that tlie major- 
ity of diabetics do not react in this way 
to insulin. 

An unusual sensitivity to insulin may 
develop as a result of inanition. This 
was observed in diabetics treated with 
starvation diets and was ascribed to 
glycogen deficiency. In a case re- 
ported by Joslin®®®, for instance, a reac- 
tion followed the administration of one 
unit of insulin and in a patient ti'eated 
by RosendaliF®^ a severe reaction en- 
sued after the administi-ation of 2 units 
daily for 4 days. 

In patients with hypoglycemia ac- 
companied by hypocalcemia and elec- 
trocerebral dysfunction, Fabrykant and 
Pacella®® noted the frequent occurrence 
of hypoglycemic symptoms in the ab- 
sence of critically low blood sugar 
levels. Since such reactions were pre- 
vented by anticomoilsive drugs and 
calcium therapy, tliey concluded that 
because of cerebral dysfunction and 
h)'pocalcemia, tliese individuals were 
more susceptible to even small varia- 
tions of blood sugar. In other words, it 
was assumed that tliese patients had a 
lowered reaction tlireshold; they postu- 
lated that anticonxailsive drugs and 
calcium therapy might have raised the 
threshold. In a group of labile diabet- 
ics with electrocerebral dysfunction®® 
a number of reactions occurred rwth 
normal or slightly elevated blood sugar 
levels. Following anticonvulsive ther- 
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apy, the frequency and severity of such 
reactions were reduced even though 
in some instances tlie insulin dosage 
was increased. Moreover, following 
such therapy, the onset of reactions 
was less abru^it and the reactions 
yielded easily to small amounts of car- 
bohydrate. It was evident that in these 
patients as well, the cerebral dysfunc- 
tion might have decreased tlie reaction 
threshold. 

In a group of patients witli labile 
diabetes observed by one of us’“, bel- 
lergal proved effective in stabilizing 
the diabetic state. Since this prepara- 
tion contains belladonna, ergotamine 
and phenobarbital, its effect might be 
explained by the action of its com- 
ponents on cerebral dysfunction. No 
definite statement can be made witli 
regard to tliis group of patients since 
no electi’oencephalographic studies 
were made. Interestingly enough, in 
an unstable diabetic treated by Root'*'’’'’, 
phenobarbital decreased the sudden on- 
set of hypoglycemic episodes. 

From the foregoing, it appears that 
a reduced reaction threshold may be 
found in (a) subjects who exhibit fre- 
quent insulin reactions; these individ- 
uals behave as if they were conditioned 
by the frequency of reactions and are 
able to perceive even minor fluctua- 
tions of the blood sugar, (b) tlie hypo- 
glycemia of starvation, in which con- 
dition the subjects seem to be so 
sensitized by tlie continuous dearth of 
glucose that minute amounts of insulin 
result in severe symptoms or even in 
fatal outcome, and (c) those subjects 
who in addition to spontaneous or 
insulin-induced hypoglycemia suffer 
from other conditions apt to produce 
symptoms resembling the hypogly- 
cemic complex, such as hypocalcemia 
and electrocerebral dysfunction. 

Irreversible Reactions From Hypo- 
glycemia, Under this heading are re- 
viewed briefly those reactions in which 


the basic distmbance is no longer func- 
tional but structural, i.e., reactions 
which result from hypoglycemic dam- 
age to the brain. A severe and pro- 
longed state of hypoglycemia may 
produce anatomic lesions in the central 
nervous system such as edema of the 
brain, cerebral and meningeal hemor- 
rhages, necrosis of the cortex charac- 
terized by degeneration and disintegra- 
tion of ganglion cells, and swelling of 
die glia and axis cylinders®’^®’®^’“®‘'’'®’“"‘^. 
It is obvious that such lesions may 
cause profound alterations in brain 
function accompanied by various clin- 
ical manifestations. Such clinical reac- 
tions, however, need not be correlated 
with the glucose concentration in die 
blood since diey are not in die nature 
of hypoglycemic but rather post-hypo- 
glycemic phenomena related to brain 
changes which persist even after hypo- 
glycemia and cerebral glycopenia have 
been corrected. 

The injury to the brain from hypo- 
glycemia may be of short duration 
and reversible"® or it may be irreversi- 
ble. Thus, die hypoglycemic state and 
unconsciousness may persist for days 
and be followed by slow recovery or 
there may be residual and permanent 
abnormalities such as epilepsy, mental 
deterioration and idiocy"’^’®^’®"’^^®'*. In 
some instances, the patients fail to sur- 
vive the attack, and death may occur 
3 to 23 days after the insulin has been 
discontinued and the blood sugar ele- 
vated to normal or hyperglycemic 
values®*’’®'^®". Such fatal episodes may 
develop in hyperinsulinism as well as 
in hypoglycemia produced with both 
the unmodified and the slow acting 
insulins. In 1922 Woodyatt^®' reported 
the case of a patient witli diabetes and 
inanition. The urine was sugar-free 
on admission. The diet was increased 
and a calculated dose of insulin was 
given. Hypoglycemic shock resulted 
during which tlie blood sugar was 
found to be too low to be determined- 
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The administration of sugar was fol- 
lowed by a rise of the blood sugar to 
hyperglycemic values with tlie produc- 
tion of glycosuria but the patient died 
without regaining consciousness. 

In hypoglycemia produced by an 
overdose of protamine-zinc insulin, 
symptoms may be absent for horns and 
fatal convulsions from brain damage 
may develop after the blood sugar has 
been raised to normal or even hyper- 
glycemic levels. Bollman^^ made dogs 
hypoglycemic for 50 to 60 hours with 
protamine-zinc insulin. When sugar 
was administered to restore tlie blood 
sugar, the animals went into fatal con- 
vulsions and autopsy revealed a large 
number of petechial hemorrhages in 
the brain. Sherrill and MacKay'®^ also 
produced a stuporous hypoglycemia in 
dogs with protamine-zinc insulin as- 
sociated with a fall of the blood sugar 
to between 20 and 30 mg. per 100 cc. 
for 24 to 48 hours. Here again, elevat- 
ing tire blood sugar to normal by tire 
administration of sugar failed to protect 
the animals from deatli. 

Reactions which develop as a result 
of brain damage from severe hypo- 
glycemia may of course show great 
similarity to reactions in which there 
is no brain damage. While these reac- 
tions are initiated by critically low 
blood sugar values, they cannot be 
regarded as b'ue hypoglycemic epi- 
sodes, since they are produced by 
structural and not functional changes 
in tire brain. The term “post-lr)Tpo- 
glycenric enceirhalopatlry” suggested by 
Jones'''' seems more appropriate to 
designate this tj^pe of reaction. 

Role of Epinephrine in Insulin Reac- 
tions. As mentioned earlier, in 1923 
Boothb}' and M'^ilder'-, suggested tlrat 
insulin reactions were due to a second- 
arr- release of epinephrine since tire 
symptoms noted during Irr'poglycemia 
were not dissinrilar to those observed 
after the administi atioir of epirreplrrine. 


Soon thereafter. Riddle et al.®' lent 
support to tlris concept by demonstrat- 
ing tlrat repeated injections of insulin 
caused hypertrophy of the adrenal 
glands. Further evidenee strengthen- 
ing this concept was provided by the 
work of Cannon^®, Houssay®^ and Mac- 
leod^® on the role of the sympathetic- 
adrenal system in the mobilization of 
endogenous glucose in response to sub- 
normal blood sugar values. 

In 1901, Blum^® demonstrated that 
epinephriire raised the blood sugar by 
mobilizing liver, glycogen. Thrs ob- 
servation has been confirmed repeat- 
edly. Later, the Coris and other 
workers"'’^®’"'’^® showed that epineph- 
rine hyperglycemia resulted rather 
from decreased utilization of the blood 
sugar in peripheral tissues. The ob- 
servation that insulin accelerated utili- 
zation of blood sugar and inhibited 
hepatic glycogenolysis produced by 
epinephrine established the antago- 
nism beLveen these two hormones®'’^®. 

Much experimental work accrued to 
fortify this concept of insulin-epi- 
nephrine antagonism. Britton et al.^® 
showed tlrat animals deprived of their 
adrenal function were hypersusceptible 
to tire hypoglycemic effect of insulin. 
Crandall and Cherry-® observed that 
adrenalectomized or adrenal denerv- 
ated dogs went into shock as soon as 
one hour after the injection of 15 
units of insulin and tlrey postulated 
tlrat tire secretion of epinephrine is 
stimulated when tire blood sugar level 
drops to a point between 50 and 60 
mg. per 100 cc. Brandt and Katz’® 
demonstrated tire presence of vasocon- 
strictor substances, presumably epi- 
nephrine, in human blood during reac- 
tions induced by the intravenous ad- 
ministration of 20 to 30 units of insulin. 
In tlris regard, it is interesting to note 
that in patients undergoing insulin 
shock tlrerapy, Heilbrunn and Liebert®® 
found little or no vasoconstrictor sub- 
stances in tire blood of drose readily 
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unquestionably supports tlie view tliat 
they result from potassium deficiency. 
These symptoms may persist even 
though tlie blood sugar has been 
restored to normal but yield promptly 
to the administration of potassium 
salts orally or parenterally. 

The mechanism underlying tlie de- 
cline in serum potassium after insulin 
is still a matter of discussion. In dia- 
betic acidosis and coma, potassium may 
be lost in the urine in excess as a 
result of tissue breakdown, glycosuria, 
diuresis, etc.^^’’'^. When insulin is given 
to combat tlie acidosis, a shift of potas- 
sium from the extracellular fluids into 
tlie cells and liver occurs. This migra- 
tion of potassium may be correlated 
with tlie effect of insulin on the oxida- 
tion of sugar, formation of intermediary 
carbohydrate-phosphate conipounds®^ 
glycogenesis^' and the resyntliesis of 
tissue proteins'* ‘ since potassium ions 
are required in all these processes. 
Furtliermore, the drop in serum potas- 
sium during the period of recovery 
from diabetic acidosis may be due in 
part to a number of other factors such 
as the use of large amounts of fluids, 
saline and in some instances bicarbon- 
ate and glucose. All workers, how- 
ever, agree that insulin undoubtedly 
plays an important part in lowering the 
serum potassium even though this 
effect may not be a direct one. Frenkel 
et al.'*', for instance, pointed to the 
compensatory secretion of ejiinephrine 
or some adrenocortical hormones as 
possible factors. 

The clinical manifestations of potas- 
sium deficiency have been appreciated 
from earlier work in muscular paralysis, 
familial periodic paralysis, infantile 
diarrhea and chronic nephritis. Low 
potassium concentrations are tliought 
to interfere with muscle metabolism 
and contraction* Howe\'er, just how 
potassium deficiency affects muscle 
metabolism has not been elucidated. 
It is conceivable that this phenomenon 


involves some disturbance in tlie me- 
tabolism of acetyleholine. Mann®* and 
Feldberg®® observed tliat potassium 
ions increased tlie synthesis of acetyl- 
choline and facilitated tliej. release of 
this substance. Nachmansohn and 
Machado®® showed that potassium was 
essential for tiie activation of tlie acetyl- 
chohne syntliesizing enzyme, choline 
acetylase. Since acetylcholine is neces- 
sary for tlie conduction of nerve im- 
pulses and their transmission aeross 
die synapse and myoneural junction*'’®', 
it is conceivable diat potassium defi- 
ciency by inhibiting die syndiesis as well 
as the release and removal of acetyl- 
choline may result in muscular weak- 
ness and paralysis. 

In most cases of diabetic coma, the 
potassium deficiency syndrome is ab- 
sent**. Furthermore, the syndrome 
may account for only a small propor- 
tion of symptoms observed in severe 
or fatal hypoglycemia. Thus, potas- 
sium deficiency seems to be of only 
secondary importance in die produc- 
tion of die less severe hypoglycemic 
reaction. In diis connection, it is of 
interest to note that die symptoms of 
potassium deficiency bear some similar- 
it)- to those deseribed by Himwich'** 
as occurring in die last phases of hypo- 
glycemia. Since at diis point, neither 
glucose nor oxygen is any longer ef- 
fective, Himwich feels diat soon after 
the myelencephalic stage has devel- 
oped, h}q)oglyceniia becomes irreversi- 
ble. However, it is conceivable that 
some lijqioglycemic reactions consid- 
ered heretofore to be irreversible may 
be corrected by die use of potassium 
salts. Consequently, irreversible reac- 
tions would be represented mainly by 
those in which actual brain lesions from 
hypoglycemia render all dierapy in- 
effective. 

Integration of Factors Involved in 
the Mechanism of die Hypoglycemic 
Beacdon. The recognition that a sub- 
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normal blood sugar was accompanied 
by a group of characteristic symptoms 
proved fruitful in laying down the 
foundation for our understanding of 
the hypoglycemic reaction. As a result 
of this concept, however, tire idea was 
entrenched that the symptoms accom- 
panying hypoglycemia must always be 
related somehow to an excess of insulin 
or to a decrease of tlie blood sugar. 
The occasional tlaough not infrequent 
demonstration of discrexJancies between 
the clinical and laboratory findings in 
hypoglycemia was at first disregarded. 
Tliis was probably due to the fact 
that observers failed to project tlie 
implications of such observations into 
the sphere of general functional dis- 
turbances. The recognition that glu- 
cose was the main nutritive substrate of 
the brain and that an inadequate supply 
of this sugar by producing secondary 
brain anoxia might account for the 
clinical picture of hypoglycemia was a 
great step forward. Yet, it was clear 
that the mere lowering of the brain 
sugar, whetlier reflected in tlie systemic 
blood or not, could not produce hypo- 
glycemic symptoms and that tlie only 
way in which such nutritional defi- 
ciency could evoke a reaction was by 
inducing alterations in the function of 
the brain cell. It was also clear tlrat 
cellular function of the brain could 
not be explained solely on the basis of 
two biochemical events, namely, die 
utilization of carbohydrate and the up- 
take of oxygen. Other substances, 
e.g,, calcium, were also essential and 
it was obvious diat disturbances in the 
metabolism of these substances might 


also disturb profoundly the enzymatic 
reactions in the neuronal cell. Simi- 
larly, cerebral anoxia per se, e.g., cai'ot- 
id sinus syndrome, heart disease^^ and 
cerebral arterioselerosis, might by vir- 
tue of its interference with hrain func- 
tion produce die clinical syndrome. 
Moreover, it should be recognized that 
function is not synonymous with me- 
tabolism and that the function of the 
brain may be disturbed independently 
of nutritional or metabolic factors. 
Such considerations suggest that the 
clinical symptomatology generally rec- 
ognized as die hypoglycemic reaction 
is (a) the e.xpression of a disturbance in 
brain function, (b) that this disturbance 
is revealed in the distorted cerebral 
elecfa-oactivity and (c) that the dis- 
turbed brain function is the common 
denominator of all such reactions. 

The interxiretation of die hypogly- 
cemic reaction on this broader back- 
ground appears to be of practical im- 
portance. The recognition diat a simi- 
lar clinical end result may be obtained 
in a variety of ways might be helpful 
in distinguisliing reactions due to fac- 
tors odier than hypoglycemia. It may 
also be helxiful in understanding tiiat 
when several such factors are operative 
in die same individual, the reaction 
threshold may become reduced and the 
character and the intensity of reactions 
may be greatly modified. Lastiy, the 
concept is also important because of 
its therapeutic implications. It may 
enable die clinician to treat patients 
with spontaneous hypoglycemia and 
labile diabetes more adequately than 
heretofore. 
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PSYCHOTHERAPY: AN ORIENTATION FOR NON-PSYCHIATRISTS 

By CLYDE E. STANFIELD, M.D.- 
DENVER, COLORADO 


Addressed to non-psychiatrists, this 
paper seeks to review in summary the 
moi'e practical aspects of psychotlierapy 
as they presently apply to the private 
practice of medicine and surgery. Ad- 
mittedly fraught witli sins of over- 
simplification, unwarranted generaliza- 
tion, and omissions, such an approach 
is vulnerable to attack by botli psychia- 
trist and organicist. If, however, 
orientation in a confused terrain is 
furthered, the over\yorked plea of ex- 
pediency may be justified. 

Too much popular emphasis has 
plagued us via printer’s ink, Hollywood 
celluloid, and radio scripts to make 
it necessary for this uTiter to demon- 
strate the ubiquity of psychopatliology 
in our culture. The prevalence, at 
least, of psychopadiology is ewdent. 
But we hear much, too, of “atomic” 
fission and its potential military ap- 
plication to abbreviate our life e.xpect- 
ancies. Clearly, one may recognize the 
existence of a lion one has by the tail— 
\-ct remain quite unprepared to let 
go w'ith safet>\ Pri\'ate jiractiti oners 
repcatedh- find themseh'es in such an 
unsolicited and unapplauded role; viz., 
being confronted by a jiatient whose 
illness may be far more readil\' identi- 
fied as psychogenic than treated as 
such— either directly or by referral. 


Among the barriers to optimum man- 
agement may be arrayed a distrust or 
unfamiliarity on the part of tiie physi- 
cian concerning psychotherapy, the 
practical (geographic and economic) 
difficulties of referral to a ps3'chiatrist 
when indicated, and insuflScient insight 
on the part of the patient into the 
psychogenic nature of his illness. 

TO REFER OR NOT TO REFER? 
Studying his patient witli predomi- 
nantly “functional” symptoms, tlie phy- 
sician may logically ask himself, “Shall 
I best serve this patient by symptomatic 
therapy and common sense advice, or 
by referral to a psychiatrist?” 

One may say that tlie decision rests 
upon “chnical judgment” in reference 
to the specific case. True, but we use 
the phrase often to account for in- 
tuitive selection. Intuitive judgment, 
born of clinical e.xperience, plays at 
least as significant a role in therapeutic 
management as it does in the diagnosis 
and the art of medicine as a whole. 
But if we affect a scientific basis for 
what we do, intuition— however valu- 
able-must continuously lend itself to 
conversion into rational principles as 
our knowledge increases. Principles, 
not intuition, lend themselves to ob- 
jectification, rcN’ision, pedagogy, and 
broadening practical application. 


* ISilO Gilpin Street, Denver 6, Colorado. 
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Or one may decide to refer to the 
psychiatrist all patients witli handicap- 
ping psychiatric symptomatology, at 
least all such patients who fail to re- 
spond promptly to simple reassurance 
and palUative medication. Were re- 
ferral economically and geographically 
possible in each case, were tliere 
enough psychiatrists to go around, and 
were one’s patients willing to be placed 
at the tender mercies of the psychia- 
trist-even then such a policy would 
be wasteful of the patient’s resources 
and the physician’s training. Not all 
these patients are curable, nor is 
specialty psychiatric care necessarily 
the most successful, broadly considered. 

Denker®, for example, concluded 
from a sm-vey of 500 disability insur- 
ance claims for psychoneurosis treated 
with superficial therapy by general 
practitioners, that the duration of dis- 
ability and percentage of improvement 
or cures showed “no significant differ- 
ence in the therapeutic success obtained 
by practitioners, psychiatrists, or psy- 
choanalysts” (comparing his statistics 
with those reported in the literature by 
specialists). He felt from his study 
“that most psychonemoses, as do many 
other diseases in medicine, run a self- 
limited course, and that the ‘time fac- 
tor’ is of the greatest importance. The 
common sense and judgment required 
in intelligent tr'eatment of this condi- 
tion can be as effectively provided by 
the capable general practitioner as 
by tlie psychiatrist.”* 

“Finally,” as Groom'’* remarks, “there 
is something to be said for (psycho- 
therapy’s) dowmright interest, for a pa- 
tient s mind can be as interesting as 
his colon.” 

The following considerations, though 
mutually interrelated, are discussed 
separately for convenience in attempt- 
ing to objectify the often more or less 


intuitive criteria by which one may 
decide for or against referral of his 
patient to a psychiatrist: 

1. Diagnosis. Certain nosologic en- 
tities seem by their nature to demand 
specialized attention; i.e., are otlierwise 
unapproachable or too hazardous to 
justify palhation or brief psychotherapy 
by the non-psychiatrist. Psychoses, 
acute or clironic, are of this category 
because tliey usually require (a) poten- 
tial closed ward security for protection 
against irresponsible injury to self and 
others, and (b) intensive treatment at 
minimum risk to render tlie personality 
accessible to psychotlierapy {e.g., elec- 
tro-convulsive therapy, insuhn shock 
therapy, hydrotherapy). These include 
disabling schizophrenia, or schizo- 
phrenia witli active delusional systems; 
major delations of mood (depression, 
elation, cyclothymia). Organic jisy- 
choses ( e.g., toxic deliria, general 
paresis, senile dementia) when severe 
usually require closed ward psycliiatric 
management for safety and maximum 
benefit. Psychoneuroses, when (a) 
severe or acutely disabhng [e.g., reac- 
tive depression, panic, disorganizing 
anxiety reactions, certain hysterias), or 
(b) too chronic and inaccessible for 
conservative management (e.g., obses- 
sive-compulsive-ruminative nemoses, 
clu-onic invalidism, psychogenic asth- 
ma) may require referral. 

Conversely, the non-psychiati'ist has 
distinct advantages of rapport and flexi- 
bility in symptomatic management of 
many acute hysterias, mild and moder- 
ate anxiety states, and certain of the 
psychosomatic disorders (e.g., peptic 
ulcer, essential arterial hypertension, 
“mucous” and “spastic colon” syn- 
dromes). He sees them earlier in their 
genesis, in the context of situational 
dissatisfactions and still bhssfully free 


Despite Dr. Denker s careful defense of the acknowledged margin of error in such a study 
.I'l- "f* k"ds It hard to accept tlie validity of his conclusions from comparisons among wide!) 

especially in \iew of the inewtahle automatic selection ol 
‘ insured disability' (b) specialty’ psy'chiatric management, and (c) pyschoanalysis 
Tlie data arc nevertlieless regarded as of soundTUustrative import. 
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of the social stigma of being “mental.” 

2. Severity. Generally speaking, the 
more severe the personality distortion 
and functional disability, the more press- 
ing is the demand for intensive treat- 
ment and rapid resolution of symptoms. 

The hazard of seh-injmy or impulsive 
action increases (within limits) with 
severity, as does the risk of personality 
rut-formation, hopelessness, regression, 
social and tlierapeutic exile. 

3. Prognosis. Estimating prognosis 
in psycliiati'ic illnesses projiounds one 
of the most unsatisfactory and elusive 
tasks in all of medicine, depending as 
it does upon multiple and interrelated 
variables— not only existent within the 
patient and inherent in tire illness, but 
also at the mercy of a changing situa- 
tional miheu. But however non-com- 
mittal the physician may tiy to be in 
discussions with patient and relatives, 
he must consider at least privately the 

A. History of past performance: 

1. Favorable: 

a. Average or better school work, social and marital adjustments preced- 
ing the onset of the illness. 

b. Consistency in effort, goals, standards— but not to the extent of 
rigidity or perfectionism. 

c. Failrues and illnesses only in relation to severe sti’ess {e.g. the soldier 
who broke down in severe and sustained combat, as opposed to tlie 
inductee who developed analogous symptoms during basic training). 

2. Unfavorable: 

a. Early and/or repeated emotional illnesses during life, in response to 
minimal or average sti'ess. 

b. “Neuropatlric” ti-aits in childhood, especially if sustained; evidence of 
developmental anxiety during formative years {e.g. enuresis, excessive 
nailbiting, tantrums, phobias). 

c. Impulsivity in school, work, social behavior. 

d. Insidiously developing psychopatlrology. 

B. Cuirent personality factors: 

1. Favorable: 

a. Evidence of basic maturity. 

b. Strong therapeutic motivation (anxiety, aggressiveness, future goals). 

c. Rapport with physician. 

d. Insight (acceptance, at least, of psychologic mechanisms related to 
symptoms or coincident thereto). 

e. Average or better intelligence. 

f . Broad fund of experience and interest. 


possibihty and practicality of effective 
fa'eatment, and usually must give tlie 
patient and otliers some rough predic- 
tion on which to plan. Other factors 
conforming, he may elect to retain for 
corrective treatment those patients witli 
reasonably good prognosis, and tliose 
with such poor prognosis that only 
supportive and palhative care are indi- 
cated. In the latter event, of course, 
he is often wise to seek a psychiatrist’s 
confirmation, if only to share tlie dis- 
satisfaction arising when partial or no 
symptomatic relief can be obtained in 
management. Those patients witli only 
fair or doubtful prognosis, or good 
prognosis only witli intensive psycho- 
therapy, are best handled by referral 
for speciahzed treatment. 

A review of the following factors 
can be of some assistance in prognosti- 
cation— witliin considerable margins of 
error: 



100 


PROGRESS OF MEDICAL SCIENCE 


2. Unfavorable: 

ft 

a. Marked immaturity. 

b. Apatliy, indifference to illness, self-centeredness. 

c. Delusional content; unrealistic and autistic thinking. 

d. Preoccupation vdth organic symptoms. 

e. Narrowed intelligence, interest, and experience. 

f. Evidence of “neuropafhic” traits (nailbiting, tics, stutter, etc.). 

g. Incongruous affect or unaffected biologic rhythms in contrast to severe 

symptomatology. 

C. Situational factors: Prognosis proportionate to: 

1. Capacity for insight, modification on part of -relatives, associates. 

2. Alterability of anxiety-producing stress and dissatisfactions (economic. 


interpersonal, etc.). 

Know thyself. Psychotherapy pre- 
supposes on die part of tlie physician 
a working awareness of psychodynam- 
ics, acquired intuitively, experientially, 
and/or through specialized training. 
A working knowledge, too, of psycho- 
therapeutic tools is prerequisite to 
flexible and eflBcient utiHzation of the 
potential opportunities for treatment. 
But equally significant are certain per- 
sonality qualities of the physician him- 
self. Psychotherapy, almost by defini- 
tion being “relationship” tlierapy of 
patient by the doctor, the tempera- 
mental attributes of the therapist be- 
come powerful assets or liabilities in 
treatment— awareness of which in ref- 
erence to tlie patient at hand may 
well determine whether the patient 
should be retained for treatment or 
referred elsewhere. 

Although addressed to psychiatrists, 
the remarks attributed to Bartemeier^ 
might well be applied to all physicians 
v'ho include psychotherapy in their 
practice: “It is not given to all men by 
virtue of tlieir childhood, adolescent 
and adult experiences, even though 
they have the necessary scientific back- 
ground, intelligence and ordinary social 
gifts, to ha\'e tlie capacity for empathy. 
Successful psj'chotlierapy presupposes 
... a certain feeling of conservative 
optimism, an ability to put one’s heart 
into a problem yet have the courage 


to say so when a problem is beyond 
one’s capacities. The psychiatrist must 
not have too many conflicts of his own. 
He must make sure that he is straight- 
ened out witli himself before he tries 
to help other people.” A deft manipu- 
lator of the scalpel, for example, may or 
may not be equally facile in the ma- 
nipulation of his own personality for 
the treatment of others. 

A comfortable recognition of the 
time factor in psychotherapeutic man- 
agement is of the greatest practical 
importance (Billings,® p. 224). One 
must be -wiUing to allow interview 
time of one-half to one hour per session 
when indicated, often over periods of 
Aveeks or months. One must learn to 
be content with gradual and partial 
successes, die pace and degree of which 
are almost as little within the voluntary, 
control of die patient or the doctor 
as is die constitutional resistance which 
effects a remission of pulmonary tuber- 
culosis. Rogers,-^ writing of his man- 
agement of tension states in general 
practice, counsels that the physician 
must have an attitude of “‘objective 
noncritical listening,’ in ivhich the pa- 
tient can discover for himself what his 
emotional conflicts are. The patient 
must feel free to work out his conflicts 
and solutions for himself.” Rogers 
admits that this “is time consuming, but 
it is not all to be done at once. Were 



the shortness of breatli and palpitation 
due to pernicious anemia the illness 
would not be diagnosed or cured at one 
sitting.” 

In other words, he who essays prac- 
ticing rational psychotherapy must rec- 
ognize his own attitudes and person- 
ality structure as a part of the function- 
ing therapeutic situation; notably, tlie 
physician’s own sensitivities, tolerance, 
willingness to spend time, and reason- 
able patience in playing a passive lis- 
tening role when required. On the 
other hand, it is not suggested that 
successful psychotherapy requires a 
physician of unsullied personality (pro- 
vided he knows and allows for his 
quirks), unlimited time and inanimate 
mien. It is not meant to imply that 
the majority of cases require months 
of tlierapy, although a willingness to 
spend tliis long if required is desirable. 
Actually, the average acute anxiety or 
tension state which one sees in general 
practice requires about thi*ee or fom' 
interviews at the most for immediate 
relief. 

Nor should the non-psychiatrist infer 
too exaggei-ated a concern about the 
“risks” of his performing occasional 
psychiatric management. It is the 
writer’s opinion tliat the alleged “risks” 
of psychotherapy by non-psychiatiists 
are grossly overemphasized, provided 
the therapist is at least more of a 
listener than a judge, and is content 
to leave in the hands of tlie patient the 
initiative for probing into painful areas. 
Panic and acute psychotic reactions do 
result from heavy-handed direction or 
from premature exposure by the thera- 
pist of conflict-ridden areas (no matter 
how correct tlie interpretation); but 
even this is infrequent and can usually 
be averted by the timely recognition of 
stormy weather and prompt reversion 
to palliative reassurance or “non-direc- 
tive” aeration of the disturbing content. 

The common-sense avoidance of bull- 
dozer approaches in psychiatry is no 


more mysterious than it is in orthope- 
dics. One does not test the initial move- 
ment oi a partially ankylosed joint 
with acti\e flexion— the patient is en- 
couraged to find the limits of his own 
endurance, even cautioned to stop short 
of the absolute limits. Giving his 
qualified endorsement to a passive 
therapeutic attitude, \Vhitehorn-’“ points 
out that the iDsychiatrist is thereby 
restrained from the too hasty and med- 
dlesome projection of his own prej- 
udices and presuppositions into the 
patient, and is more ready to grant the 
patient spontaneity and opportunity for 
expression: “Many of the hai-mful errors 
in ‘over-active’ therapy arise from a 
domineering attitude and from the un- 
easy and artificial necessity of playing 
Jehovah to the patient.” “Yet much 
foolish delay and pernicious distortion 
of issues is also perpetrated in the name 
of passivity.” Whitehorn adds that it 
is his “strong impression that the devel- 
opment of the therapist’s most effective 
style of ‘passivity’ comes through much 
experience . . . because many patients, 
bit by bit, thoroughly convince the 
thei’apist of their own contribution to 
therapy and thus cultivate in him a 
very genuine respect for them.” 

Which psychiatrist? Members of tlie 
medical profession are prone to regard 
archly the irrational bases upon which 
laymen choose their physicians (not 
to mention their cultists). Yet our own 
referrals to specialist-colleagues arc 
frequently only slightly more consid- 
ered-based often upon the outcome 
of previous, dissimilar referrals; upon 
habitual contact with particular con- 
sultants; and sometimes solely upon 
their technical Paining and prestige. 
The choice of a psychiatiist— at least 
in larger communities where a choice 
is possible— brings into bold relief the 
importance of selecting tlie specialist 
to fit the patient. Successful psycho- 
therapy may well be more dependent 
upon the aptness of the specialist’s 
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personality, interest, and approach tlian 
upon his formal training. 

As in any field where progress is 
occurring and where many questions 
must yet be answered on tlie basis 
of opinion, psychiatry is practiced by 
men who are united generally upon a 
broad base of theory, but who differ 
widely in its practical applications {e.g., 
in tlierapy). Happily, at this writing, 
the schisms between mutually repellent 
schools” of psychotherapy are progres- 
sively narrowing, as evidenced by Alex- 
ander’s and French’s’ pragmatic adap- 
tations of psychoanalysis to brief 
therapy, and by Masserman’s’^ efforts 
to integrate inductively Myerian (psy- 
chobiologic) and Freudian (psycho- 
analytic) principles into a “Biodynamic 
theory of behavior.” But even were 
tlie academic differences universally 
resolved, significant differences of inter- 
est, facility, and temperament would 
remain among individual psychothera- 
pists. The day has long since passed 
when psychiatrists were exclusively 
found (practicing) witliin tlie walls of 
mental institutions. Specialty board 
certification in psychiatry endorses men 
whose proficiency varies from pediatric 
psychiatry to schizophrenia. One man 
may achieve brilliant results in the 
treatment of psychoses vdtli insulin and 
electro-convulsive treatment, yet lack 
tlie patience and personality quahties 
for success in the treatment of psycho- 
neuroses-and vice versa. To the 
general practitioner (who must survey 
the entire gamut of medicine) these 
nuances and sub-specialties may well 
seem hypothetical and unnecessary- 
annoyed, he may attempt to find one 
psichiatrist with universal aptitudes, 
or else insist that it is the psychiatrist’s 
job to adapt himself to the patient 
("After all, psychiatrists tell tlieir pa- 
tients how to adapt”). Nevertheless 
where choices e.visr, botli extremes are 
unrealistic and as wasteful as referring 
a patient with brain tumor to a compe- 
tent chest surgeon. 


The sub-specialty of psychoanalysis 
requires particular mention because 
of its profound theoretical influence 
upon all psychotherapy, and because 
of its ratlier specific apphcability— 
despite the multitude of popular mis- 
conceptions about Freudian methodol- 
ogy and rationale. Inductive and 
“microscopic” in its approach to the 
study of personality, classical psy- 
choanalysis is the most scientific, least 
practicable psychotherapeutic disci- 
phne. To its theory and research we 
owe a great share of our concepts of 
the structure of personality, the psy- 
chodynamics of illness and health, and 
the rationale of psychotherapy. But 
“standard” psychoanalysis as generally 
practiced is unfortunately an unwieldy 
implement, beyond tlie reach of all but 
a minute fraction of psychiatric pa- 
tients because of (a) the cost (rarely 
less than $2000 annually), (b) die time 
(roughly, 18 months to 3 years; one- 
hour interviews daily, weekty, occasion- 
ally montlily), (c) the shortage of 
qualified psychoanalysts, and (d) often 
(appropriately) strict criteria of “treat- 
ability.” Its apphcation classically is 
analogous to radical surgery— justified 
in private practice when conservative 
therapy is ineffectual, but not when 
prognosis is hopeless. It has been 
estimated that less than 10% of psy- 
chiatrists’ patients merit trial analysis, 
and of these only a few can continue 
{i.e., have the requisite personality re- 
quirements and the practical opportu- 
nity to do so). 

Still in e.xperimental stage, and ap- 
parently actively opposed by a majority 
of psychoanalysts, are efforts to modify 
the classical Freudian disciphne by 
planned, abbreviated tlierapy in which 
the therapist plays a more active and 
directive role’-\ Alexander’ points 
(pp. 5-6) the direction of this develop- 
ment when he urges a “plan of treat- 
ment and the “conscious use of various 
techniques in a flexible manner, shifting 
tactics to fit the particular needs of the 



NEUROLOGY AND PSYCHIATRY 


103 


moment . . . using not only the metliod 
of free association but interviews of a 
more direct character, manipulating tire 
frequency of tlie interviews, giving 
directives to the patient concerning his 
daily life . . . and making use of real- 
life experiences as an integral part of 
tlie therapy.” 

When compelled to select a psychia- 
trist in a locale where he has no per- 
sonal contact, tlie referring physician 
must rely upon directory information; 
viz.j dhectories of local, state, and na- 
tional medical associations; dhectories 
of specialists (diplomates of tlie Ameri- 
can Board of Psychiatry and Neurology; 
affiliates of the American Psychiatric 
Association, and of regional and sub- 
specialty associations). While a poor 
substitute for direct acquaintance, a 
knowledge of the consultant’s training, 
academic affiliations, and emphasis in 
practice are of aid. Certification by the 
Board of Psychiatiy and Neurology 
(in psychiatry or both) or membership 
in the American Psychoanalytic Society 
is evidence of both didactic and train- 
ing requirements having been fulfilled 
in those fields. 

Economics of psychiatry. Sometliing 
must be said in defence of tlie alleged 
“expensiveness” of psychiatric treat- 
ment-even at tlie risk of gross over- 
generahzation from personal observa- 
tions. Based on the total cost per 
patient-illness, it is indeed expensive 
in long-term cases— a crushing blow 
to the patient who is in even moderate 
circumstances. Still more overwhelm- 
ing is the burden when disability and 
hospitalization supervene; worse if tlie 
patient has already run the gauntlet of 
diagnosis and tlierapy “by exclusion” 
with psychiatric intervention deferred 
as a last, desperate resort. 

But a glance at tabulations of com- 
parative incomes among physicians dis- 
closes neuropsychiatry as falling well 
below the mean, usually at or near 
tlie lowest income brackets of the pro- 


fession— consistently below tliat of 
general practitioners, regardless of time 
in training. The cause of this seeming 
paradox (patient expense vs. doctor’s 
income) is, of course, time and volume 
of patients. Only rarely can a psycho- 
therapeutic interview be effective in 
Tess than one-half hour, and more 
usually an hour is required, with longer 
periods required for special examina- 
tions. Thus the psychiatrist’s case load 
rapidly reaches a ceiling, his time 
saturated with a thud or less the 
average number of daily patients, and 
his total cases per year necessarily 
limited because of the cluonicity and 
spacing of treatment for each. An- 
other economically significant charac- 
teristic is that psychotherapy can rarely 
be delegated— at least in private prac- 
tice— to an assistant (associate, psychol- 
ogist, social worker) or to a nm'se. 
This is in direct contrast to the manipu- 
lative and pharmacologic ancillaries 
helpful in organic therapeutics. 

Fees for psychotherapy in certain 
metropolitan centers have been ob- 
served by the writer to approximate 
$15 to $25 per treatment hour for 
pay-patients, with the lower figure 
rather consistently maintained for those 
in middle-income brackets. On the 
basis of treatment time, it is evident 
that the fees for psychiatric care are 
quite comparable to the $3 to $5 which 
a non-psychiatric patient would expect 
to pay for an ordinary office visit, as 
one of tire several patients seen in that 
hour by the doctor. Fees for psychia- 
tric management in hospital are less 
standardized, but it is doubtful that 
the psychiatrist’s share exceeds that 
of the internist, and very hkely falls 
well below the hospital fees of an 
active surgical practice. 

Tliese justifications, naturally, do not 
ameliorate the problem of economics 
for the psychiatric patient, who must 
nevertlieless subsidize a greater pro- 
portion of tire doctor’s time tlian if 
he were afflicted with pneumonia or 
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a fractured femur. Their recognition, 
however, can orient the referring physi- 
cian for practical ad\ace to his patient, 
and can help tlie patient to under- 
stand the realities of private psycho- 
tlierapy— thereby protecting rapport as 
well as public relations for private 
medicine as a u'hole. For patients of’ 
restricted and lower income brackets— 
even though capable of ordinary pri- 
vate medical care— it is usually more 
constructive and foresighted to encour- 
age acceptance of treatment at tax- 
supported psychiatric facilities (mental 
hygiene clinics, child guidance clinics, 
teaching hospitals, state facilities) 
where available, than to pi-ess private 
psychotherapy in disregard of die ad- 
ditional stress which is ultimately 
created for the patient financially. 

THE NATURE AND AIMS OF 
PSYCHOTHERAPY. Psychotherapy, 
as connoted in this discussion, may be 
defined as any therapeutic e^ort to 
improve by psychologic means the pa- 
tient’s adaptation to reality. Thus, 
therapeutic efforts can range from di- 
rect personalit}' training to tlie foster- 
ing of healthier factors in the patient’s 
life-situation {e.g., attempts to alter 
the attitudes of relatives, to aid in the 
solution of emdromnental problems. 
Psirchologic means, broadly interpreted, 
implies major (but not exclusive) re- 
liance upon personality’’ function as an 
instrument of treatment, as opposed 
to primarily somatic procedures; operat- 
ing through the influence of die thera- 
pist in his relationship with die patient 
and the latter’s milieu. In improving 
(ulnptation to reality one must measure 
progress not only by more efficient and 
constructive behavior, but also by the 
reward of a fair share of gratificadon. 
Reality, of course, includes psychologic, 
biologic, environmental, and inter-per- 
sonal factors (.-Mexander and French^ 
pp. S, 11, 14. IS, viii). 

Prerctiuisitc to efficiency is the aban- 
donment of neurotic goals-'"', and 


the achievement of that tenuous and 
relative state of “matm'ity.” Levine^® 
itemizes (p. 286) some criteria which 
are helpful in measuring die degree of 
emotional maturity (especially in con- 
trast to nem'Otic character-formation); 

(a) ability to be guided by reality 
radier than by fears. 

(b) use of long-term values. 

(c) grown up conscience. 

(d) independence. 

(e) capacity to “love” someone else, 
but with an enlightened self-interest. 

(f) a reasonable dependence. 

(g) a reasonable aggressiveness. 

(h) healthy defense-mechanisms. 

(i) good sexual-adjustment with ac- 
ceptance of own gender. 

(j) good work-adjustment. 

Elimination of undesirable attitudes 

and symptoms, of unrealistic goals and 
immatiu’e behavior must not, however, 
be assumed as the sole objective of 
psychotherapy— any more than the ex- 
cision of diseased organs can be regard- 
ed as a sufficient guarantee of health. 
The psychiatrically ill patient is, in 
fact, in desperate need of replace- 
ments when liis pathologic symptoms 
have been denied him or rendered no 
longer tenable, Frank,^^ for example, 
insists that if neurotic behavior is con- 
ceived as adaptive to situations per- 
ceived as threatening, into which the 
individual has no insight, tlien removal 
of tlie neurotic symptoms is of little 
value so long as the personality remains 
“saddled witli the original conflict.” 
If psychotherapy can not replace the 
neurotic symptoms xvith healthier pat- 
terns of behavior through reorganiza- 
tion of die personality or its function, 
we must then be content to minimize 
the handicap of functional symptoms— 
which symptoms, though pathologic, 
at least constitute a working mechanism 
of adaptation. It is both harmful and 
futile to insist righteously upon the 
removal of all protective symptoms 
unless dune is prospect of the patient’s 
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accepting a healthier alternative. 

In addition to the realistic accept- 
ance of relative success in psychother- 
apy (consistent with the patient’s ability 
and practicality), it is useful to separate 
ti'eatment tasks into what Whitehorn'’’ 
categorizes as “major psychotherapy” 
(procedures directed toward overcom- 
ing the repetitive tendency of psychoses 
and severe neuroses), and “minor psy- 
chotlierapy” (“procedures appropriate 
to the brief psychiati'ic episodes in 
which tlie patient’s natural resources 
suffice for recovery witli only minimal 
assistance”). This done, one is better 
prepared to select those particular 
therapeutic devices most appropriate; 
a number of which are reviewed below. 

TOOLS OF PSYCHOTHERAPY. 
1. Radical techniques, not applicable 
to non-psychiatrists’ use. Certain tech- 
niques for intensive therapy are not 
feasibly adapted to use by non-psy- 
cliiatrists, because of tlie hazards in- 
volved, die special training required for 
effective utilization, the need for special 
facilities and available psychiatric hos- 
pitalization in the event of acute psy- 
chotic reactions, and the time factor. 
They are reviewed here briefly for 
orientation: 

(a) “Shock” therapies. Although not 
strictly psychotherapeutic in them- 
selves, these procedures facilitate psy- 
chotherapy, and widiout the latter are 
often ineffective or of transient value. 
Their neurophysiologic mode of ac- 
tion is unknown, but they may be 
thought of functionally as useful in 
^fragmenting” certain fixed and patlio- 
logic associational patterns of think- 
ing and emotional behavior, through 
the intervention of violent cortical ex- 
citation and unconsciousness. A sec- 
ondary, purely psychologic, effect may 
be of significance; viz.^ the satisfaction 
of a need for punishment in expiation 
of unconscious guilt. 


Electro-convulsive therapy has dis- 
placed metrazol-induced convulsions 
because of the former’s greater safety, 
convenience, and comfort; but carries 
about the mortality of a general anes- 
thetic in addition to the occasional 
morbidity of long-bone fractures, mild 
vertebral compressions, muscular and 
ligamentous sprains. Curare can lessen 
the risk of fractures and dislocations 
in cases of known skeletal weakness, 
but adds the hazards of myocardial 
weakness and respiratory failure.^^ 
(Kalinowski and Hoch,^® p. 150). 
Preliminary sodium pentotlial narco- 
sis has greatly reduced the anticipa- 
tory anxiety of treatment and the an- 
noying confusion of recovery. Cur- 
rently experimental use of uni-direc- 
tional current and asymmetric place- 
ment of head elecffodes gives promise 
of reducing tlie violence of initial con- 
vulsions, and the secondary confusion, 
respectively. Electro-convulsive tlier- 
apy is indicated in functional (non- 
organic) psychoses; it is more reliable 
for the affective (mood deviation) psy- 
choses and acute schizopluenic reac- 
tions than for the more chronic, insid- 
iously developing psychoses (e.g., 
chronic paranoid and hebephrenic 
schizophrenias). Its use in psycho- 
neuroses and immaturity reactions is 
generally condemned, being justified 
probably only when these syndromes 
are so severe as to present a stage 
of rut-formation approximating psy- 
chotic deviation, thus rendering tlie 
patient otherwise inaccessible to psy- 
chotherapy. 

“Pure” affective (mood) disorders 
require usually ten or less electro- 
convulsions in all (usual frequency: 

3 to 2 per week), whereas tliose dis- 
orders which include topical (think- 
ing) distm'bances usually require from 
ten to twenty treatments. In those rai’e 
psychoneurotic disorders which justify 
electi’O-convulsive therapy, usually six 
or fewer seizures will produce what 
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benefits are to be obtained. The actual 
number of treatments required irre- 
siiective of diagnosis, however, is 
determined by the cumu]ati\'e efi^ect 
upon the patient’s mood, behavior, 
and insight; but rarely are more than 
20 in a series justified. As improvement 
occurs most psychiati'ists prefer to 
space the treatments at increasing in- 
ter\'als (from 3 to 2 or 1 per week), 
discontinuing entirely for obser\'ation 
when symptoms have largely cleared. 
By tlie time a patient has had no re- 
lapse over a period of 2 or 3 weeks 
without treatment, electro-convulsive 
therapy can be discontinued alto- 
gether, a late relapse tlien being un- 
likely. Tlie confusion and amnesia for 
recent memories, which are a cumula- 
ti\e side-effect of electro-convulsions, 
begin to clear as ti'eatments are spaced 
more tlian 3 days apart, and are as a 
rule dissipated within 3 weeks of tlie 
last treatment. Treatments may be 
gi\'en in hospital either on an in- 
patient or out-patient basis, depending 
upon tlie adequacy of home care, the 
patient’s cooperativeness, and the de- 
gice of confusion and mood-swings 
attending treatment. During tlie course 
of electro-coni'ulsive treatment, inten- 
si\'e psycliotherapy is feasible only 
early in the series and subsequent to 
about one week after completion, be- 
cause of the retention defect described. 

Insulin shock therapy (in contrast to 
tonic or sub-shock insulin) has been 
used almost e.xclusively in schizo- 
phrenic disorders, particularly those of 
more insidious development, refractory 
to electro-convulsive treatment, and 
characterized by fixed delusional or hal- 
lucinatory systems. Its use alone has 
become less common witli tlie develop- 
ment of electro-convulsive tlierapy, but 

still of value in combination with the 
latter for refractory cases of poor prog- 
nosis. Deep insulin therapy has tlie dis- 
julvantages of somewhat greater hazard 


(mortality and morbidity), requiring 
ynolonged hospitalization and expert 
nursing care, and considerably more 
conscious discomfort than elecb'o-con- 
vulsive treatment. The frequency and 
duration of treatment vary widely, but 
often a total of 40 to 80 comas (1 daily 
for 6 mornings weekly) with electro- 
convulsions interspersed dmlng the ini- 
tial weeks (2 to 3 times weekly at the 
height of coma) are considered desir- 
able. 

(b) Continuous sleep therapy has 
been tried in past years intermittently 
witliout striking success, compared to 
otlier methods. To date it does not ap- 
pear to offer any substantial advantages 
over the “shock” tlierapies, and its re- 
sults seem too unpredictable and in- 
sufficient to outweigh the hazards and 
difficulties of administration. 

(c) Frontal lobe neurosurgery. Pre- 
frontal lobotomy, leukotomy, and to- 
liectomy are, again, not strictly psycho- 
therapeutic measm'es but are of interest 
here as surgical recourse for patients 
of otherwise poor prognosis who have 
failed to respond to other tjqpes of rad- 
ical tlierapy. Remarkable results from 
such surgery have included the conver- 
sion of inti actably agitated patients in- 
to placid individuals suitable to return 
home, and “deteriorated” backward 
psychotic patients into relatively self- 
sufficient cases requiring less custodial 
care. Unfortunately the results at this 
writing are widely variable and unpre- 
dictable. Since the results are irre- 
versible and the mortality appreciable, 
frontal lobe smgery for the time being 
should continue to be restricted to 
those cases of near-hopeless psycho- 
therapeutic prognosis. 

(d) Intensive personality analysis. 
This includes psychoanalysis and My- 
erian “distributive” analysis, as well as 
many intermediate schools of therapy. 
For purposes of this discussion the first 
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two mentioned are most useful as rep- 
resentative psychotherapeutic disci- 
plines, botli of which require special 
'training and organization of time which 
place them outside the practical reach 
of tlie non-psychiatrist. Classical psy- 
choanalysis has been referred to earlier 
in tliis paper. Myerian “disti'ibutive” 
analysis stresses psychobiologic integra- 
tion (tlie individual as a whole),-^ and 
distributes analysis selectively along 
lines of particular personality difficulty, 
as well as laying heavy emphasis ujion 
socio-economic factors and the total 
life situation (Diethelm,® p. 111). Syn- 
tliesis of personality assets accompanies 
tlie analytic procedures as data and in- 
sight accumulate, with the goal being 
a more purposeful psychobiologic adap- 
tation to the total life situation (Bill- 
ings,® pp. 234-239). Compared to classi- 
cal psychoanalysis, it is evident tliat 
psychobiology presents a somewhat less 
inductive, more pragmatic methodol- 
ogy-having the disadvantages of less 
standardization, multiple variables, and 
probably being less objective as a scien- 
tific discipline; but having simulta- 
neously the advantages of more flexibil- 
ity, pragmatic expediency, and lending 
itself to specific application with the 
resultant saving in time for at least 
functional cures. 

As mentioned, between these repre- 
sentative approaches to intensive psy- 
chotherapy lie many variations of tech- 
nique and theoretical emphasis, includ- 
ing the experimental projects under 
way apparently leading to utilization 
of the contributions of both psycho- 
analysis and psychobiology.®’®^ As yet, 
the multiplicity of views and disagree- 
ments is testimony to the existence of 
an uncharted area between theory and 
practice of psychotherapy, making it 
more important to rely upon tire selec- 
tion of a man appropriate to the patient 
rather than to over-value the consult- 
ant’s theoretical views. The differences 
are by no means as wide in the actual 


practice of psychotherapy as they ap- 
pear to be in polemics on theory. 

(e) Hypnosis is included in this sec- 
tion not because of any intrinsic diffi- 
culty or hazards in its practice with rea- 
sonably stable personalities, but rather 
because of the risk of precipitating oc- 
casionally a psychotic panic or involv- 
ing the physician in a previously un- 
recognized delusional pattern. Because 
an unrecognized schizophrenic devel- 
opment may masquerade as a simple 
hysteria or anxiety reaction, the prac- 
tice of hypnosis by non-psychiatrists is 
to be discouraged. As will be men- 
tioned below, if a short-cut to analysis 
and synthesis is needed to circumvent 
conscious or pre-conscious resistance, it 
is this writer’s opinion that narcosis 
interviews (with sodium pentothal or 
sodium amytal intravenously) are psy- 
chotherapeutically safer and more pro- 
ductive in the hands of the non-psy- 
chiatrist. Should a panic or psychotic 
reaction tlien be released during nar- 
cosis interview, one can at least control 
the emergency promptly (and probably 
render the patient essentially amnesic 
for the incident) by inducing full sleep. 

2. Conservative analytic techniques. 
While tlrese procedures are quite ap- 
propriate for tlie non-psychiatrist’s use, 
provided he has the prerequisite in- 
terest and personality, they are used 
with more assurance when facilities are 
at least potentially available for psy- 
chiatric hospitalization in the event of 
an emergency. 

(a) “Non-directive” interviews. As a 
term, this is probably a misnomer, since 
common-sense direction of a strictly 
limited sort is highly desirable. As dis- 
cussed earlier in this paper, however 
the concept of passivity on tlie part of 
the therapist is one of the significant 
contributions of Freud to tlierapy, pro- 
tecting the patient from standards and 
authority imposed arbitearily by the 
doctor (which, if the patient accepts. 
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serve onl>' to foster his dependency 
upon authorit)’ rather tlian to prepai'e 
him for independent solutions in the 
future). As Alexander'* remarks, psy- 
choanalytic treatment is a part of the 
patient’s ego development— and not the 
doctor’s “therapeutic act” upon the pa- 
tient via interpretations. 'The same 
philosophy can be useful in non-direc- 
ti\'e psychotherapeutic interviews. 

This approach requhes, first of all, 
that the physician “listen out” the pa- 
tient’s story, although now and then 
mirroring back to the patient those 
statements which seem crucial or in- 
consistent— but scrupulously refraining 
from outright judgment or rebuttal. As 
discussion progresses, then, die physi- 
cian may factually point out any obvi- 
ous clues to emotional reactions asso- 
ciated with the subject at hand (tears, 
anger, flushing, hesitation, defensive- 
ness, etc.), seeking to help the patient 
to accept openly his emotional attitudes 
as well as his stated problems. The 
therapist may summarize or (guardedly) 
interpret the patient’s conclusions and 
attitudes— often in the form of a ques- 
tion— which serves to (1) demonstrate 
to the patient that his views are at least 
being recognized, (2) objectify the pa- 
tient’s asserdons or denials by restate- 
ment, and (3) guide subtly the discus- 
sion by emphasis of selected material. 

It may be protested tiiat such pas- 
sivity on die part of the physician is 
wasteful of his time and training— 
that the patient comes for help, not to 
talk until he stumbles upon his own 
answers. But this criticism, justified 
within limits, would also imply that the 
best teachers are those who solve the 
problems for dieir pupils. CoiTective 
psychotherapy is, after all, a re-educa- 
tional procedure— although as much 
concerned widi the retraining of emo- 
tional patterns as of intellectual con- 
cepts. Socrates taught “non-directive- 
ly;” i.C: relied upon the assertions and 
conclusions of his pupils for material 


which, dirough reinterpretation and 
adroit questioning by him, led his stu- 
dents to accept new principles on their 
own terms. “A man convinced against 
his will is of the same opinion still.” 
Corrective psychotherapy requires of a 
physician that he be more a teacher 
than an authority. 

In contrast to the more superficial 
devices of persuasion, direction, and 
reassm'ance (discussed below), non-di- 
rective psychotherapy is indicated for 
personality conflicts of deeper origin, 
die solution of which is dependent upon 
insight acquired by the patient himself 
as he maintains reasonable initiative in 
the quest. 

(b) Nai’cosis interviews (narco-diag- 
nosis, narco-analysis, narco-synthesis). 
Interviews under narcosis with sodium 
pentothal or sodium amytal adminis- 
tered inti-avenously have become a val- 
uable diagnostic and therapeutic wea- 
pon,^® having been given great impetus 
during die war by Grinker and 
Spiegel.^®" Analogous to hypnosis but 
safer from a psychotherapeutic stand- 
point in non-psychiatrists’ hands, nar- 
cosis interviews provide a means of 
diminishing conscious and pre-con- 
scious resistance {e.g., fear, embarrass- 
ment, anxiety) to the release of under- 
lying thoughts and feelings, allowing 
their aeration without loss of prestige 
b> the patient. In addition to the sub- 
jective relief often ex^perienced by the 
patient therefi'om, the physician is pro- 
vided TOth data for later discussion 
with the patient as well as for his own 
evaluation of the etiology and prog- 
nosis. In puzzling problems of differ- 
ential diagnosis, the behavior, content, 
and mood of a patient while near-som- 
nolent frequently supply pathogno- 
monic evidence of the underlying psy- 
chopatholog}'. Thus, for example, an 
agitated patient ma)’^ react to narcosis 
with (1) striking relief of all symptoms, 
implying a relatively superficial dis- 
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turbance; or (2) sustained mood of de- 
spondency and futility, with self-depre- 
ciatory content implying a deep-seated 
depressive disorder (affective psychosis 
or severe reactive depression); or (3) 
expose delusional and hallucinatory ma- 
terial indicative of a potential or actual 
psychotic disorder of thinking. It is 
not meant to suggest that all reactions 
under narcosis are this clear-cut, but 
the technique is unquestionably becom- 
ing of great diagnostic and prognostic 
significance when combined with other 
clinical data. 

The use, by Grinker and Spiegel, 
of narco-analysis in combat reactions 
emphasized the production of emo- 
tional catharsis by suggestively recreat- 
ing the traumatic combat scene for the 
patient and encouraging him to re- 
enact the episode verbally and physi- 
cally— this being followed by suggestive 
reassurance as the interview was ter- 
minated. Probably because of the mul- 
tiplicity of stresses in civil life and the 
more gradual development of anxiety 
reactions, Grinker’s abreactive tech- 
nique is usually not suitable for civil 
practice. Verbal aeration (with emo- 
tional but not physical abreaction) of 
conflicts and tension is usually ade- 
quate when narco-analysis and narco- 
synthesis are effective. 

The technique of administration is 
not difficult but is safest in a hospital 
setting where nursing observation, oxy- 
gen-carbon-dioxide, and stimulants are 
available when needed. Sodium pento- 
thal is conveniently administered in a 
5% intravenous solution in distilled 
v/ater (0.5 gm. or gr. 7^/2 in 10 cc.) 
and given slowly (1 cc. per minute) 
until drowsiness and thickness of 
speech are attained, then is given more 
slowly to maintain tlie desired stupor 
diroughout interview. Tolerance varies 
from 0.2 gm. (gr. 3) to about 0.6 gm. 
(gr. 9), but close observation is impera- 
tive because of tire occasional hyper- 
sensitivity to the drug. I do not believe 


that more than 0.8 gm. is justified in a 
single interview, and if this amount 
is insufficient for narcosis the patient 
should be tried at a subsequent time on 
sodium amytal. Sodium amytal may 
be given in the same concentration as 
sodium pentothal but more slowly and 
injection terminated at a lighter stage 
because of sodium amytal’s slower ac- 
tion and associated latent period before 
peak effect; after slight drowsiness and 
thickness of speech are observed, the 
needle may be withdrawn. The latent 
period ranges clinically from about 5 
to 15 minutes, and the duration of ade- 
quate narcosis continues well beyond 
the length of the average interview. It 
i.s well to have pai'enteral stimulants 
(e.g., ‘‘Desoxyn,” ]Dicrotoxin, and/or 
epinephrine) available for use in event 
of too deep narcosis. 

It is wise, also, for the physician to 
have assistance within call in the event 
that an uncontrolled agitation or psy- 
chotic reaction is precipitated; and, 
in the case of female patients, a nurse 
(in whom the patient has confidence) 
present in the room throughout narco- 
sis. It is usually sufficient to assure 
the patient that he will experience a 
feeling of j)leasant relaxation, in the 
course of which his tension will ease 
and he will find it easier to express his 
thoughts and feelings. If spontaneous 
aeration is insufiicient or non-informing, 
production can then be guided by terse 
questions or suggestion, and the inter- 
view finally terminated with explana- 
tion and reassurance. Nursing attention 
serves to protect the patient from fall- 
ing or otherwise injuring himself after 
interview is terminated and before 
somnolence has cleared (duration: 1 to 
2 hours for sodium pentotlial, 4 to 6 
hours for sodium amj^tal). Mild doses 
of amphetamine derivatives are helpful 
m shortening the post-inter\aew sjmip- 
toms. 

Narco-diagnosis usually requires only 
one interview; therapeutic narco-analy- 
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sis and narco-synthesis are more effec- 
tive wth at least 2, often 3 or more 
inter\news, plus intervening discussions 
with tlie patient of content and affect 
released. Usually rapport is so much 
improved after one or more interviews 
that the patient can then voluntarily 
continue therapeutic interviews witli- 
out (or with token doses of) a hypnotic. 
Certain patients are remarkably unpro- 
ductive and tolerant of one or the 
other hypnotic agent; a tidal of the 
alternative drug on subsequent inter- 
view often proves successful. A recent 
(and apparently unreported) modifica- 
tion of the technique seems very prom- 
ising to increase productivity during in- 
terview; viz., the simultaneous use of 
amphetamine derivatives (e.g., “Des- 
o.xyn” 5-10 mgm. orally, Vo horn' before 
administration of hypnotic).^ While 
seemingly in opposition to tlie hypnotic, 
the stimulant results in much greater 
productivity during interview. Its use 
in narco-diagnosis, however, is prob- 
ably confusing, since an underlying de- 
pression might be masked. 

A useful evaluation of the present 
status of narco-diagnosis and narco- 
therapy has been conbdbuted by 
Hoch.” 

3. Repressive-integrative teclmiques 
(.<^\Tithesis, support, persuasion, reassur- 
ance, direction). Procedures of this 
^•ariet\' are so commonly used in all of 
medical practice that it would be pe- 
dantic to discuss them in detail. Obvi- 
ously their appeal and efficacy are 
largely resbdcted to the patient’s con- 
scious awareness and controls, and they 
are primarily accepted upon faith in 
the authoriU' of the physician. This 
is not to discredit their value but simply 
to emphasize that failures from their 
use can not reasonably be attributed 
cither to (a) the physician’s incapacity 
or misunderstanding, nor to (b) the pa- 
tient’s conscious unwillingness to ac- 
cept advice. Failures will more likely 


occur because the approach is confined 
to a relatively superficial level of be- 
havior and can have little influence 
upon tire deeper, personality-deter- 
mined motivations. 

Since it is primarily the psychoneu- 
roses and immaturity reactions the phy- 
sician will be ti-eating with “covering” 
techniques, it is important to have some 
working concept of their general eti- 
ology. Alexander’s^ definition fits this 
purpose: “Psychoneurosis is a failure 
of the individual to deal successfully 
witli a given situation, a failure to find 
socially acceptable gratification for sub- 
jective needs under given circum- 
stances. This failure depends upon the 
balance between the ego’s adaptability 
and the difficulty of the confronting 
problem. Wlien the situation demands 
greater powers of integration than the 
ego possesses, a neurosis develops. 
Whetlier the ego became incapacitated 
in childhood, adolescence, or adult life, 
and how it is limited by constitutional 
endowment, are secondary questions.” 

The “secondary questions,” of course, 
from the point of view of this present 
discussion are exceedingly important 
practically in therapy, since superficial 
tr eatment can alter little the personality 
distortions arising in childhood or ado- 
lescence— unless effectively apphed dur- 
ing tliose periods. 

Certain aspects of repressive psycho- 
therapy merit specific mention: 

(a) Reassurance, explanation. The 
physician to whom the patient first 
goes with his specific symptomatology 
has a peculiarly powerful influence on 
the patient’s subsequent attitude to- 
ward his illness. To be effective, re- 
assurance can not be prematurely 
voiced, but must await reasonably ade- 
quate (but not obsessive) study— 
whether the symptomatology is pre- 
dominantly organic or “functional.” 
Reassurance can he nullified simul- 
taneously by the physician’s denial of 
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(1) obvious handicaps, (2) the validity 
of the patient’s symptoms (though not 
organic in origin), or (3) tlie possibility 
of slow and intermittent resolution of 
symptoms. 

One can not reassm-e the patient 
simply by denying the presence of 
disease. Fortunately the laity has a 
legitimate distrust of diagnosis by ex- 
clusion; thus one should not attempt 
to stop with the denial of an organic 
basis for symptoms. It is imperative 
to give the patient some reasonable 
explanation for his symptoms (beyond 
“Just Nerves”): specific situational 
stress, history of previous somatic re- 
actions to emotional trauma, mecha- 
nisms of “functional” somatic symptoms, 
etc. Unless we do tliis, we fall into 
the fallacies of tlie “buck up and forget 
it” school of “psychotherapy”— and be- 
come major contributors to tlie business 
of charlatans by driving patients from 
ethical medical care. 

The use of bibliotherapy (selected 
reading for patients) has been disap- 
pointing, and is not without consider- 
able risk to an anxious and non-critical 
patient. Probably the most innocuous 
but still psychiatrically valid book 
suitable for almost any patient (and 
family) is a popular best-seller written 
by a layman (Rabbi Joshua Liebman’s^® 
Peace o/ Mind). This is a simply 
written description of certain emotional 
conflicts and the psychoanalytic phi- 
losophy of treatment, plus an attempt 
to reconcile psychiatric principles with 
religion. For patients in relatively 
stable adjustment and of good intel- 
ligence (and especially for parents and 
teachers having these qualifications, 
and who complain of “difficult” child- 
ren) a more informative book by Eng- 
lish and Pearson^^ {The Emotional 
Problems of Living) has been of con- 
siderable help in providing insight into 
personality growth and architecture. 
Over all, however, “bibliotherapy” is 
a misnomer— bibliographic references 


can be of prophylactic value to well 
individuals, but rarely are as ther- 
apeutic as they are disturbing to a 
psychiatrically ill patient. 

Som'ce-material for the physieian, on 
the other hand, is relatively plentiful 
and of considerable value in providing 
him -with a working knowledge of tech- 
niques, mental mechanisms, common 
misconceptions and pitfalls, ete., to aid 
in psychotherapeutic management. Al- 
through unfortunately widely scattered 
and presented in fragments, this in- 
formation is well-formulated and avail- 
able 0]50^1-^0f03,5,9,lO.lla.l3,ll,17,lS,2O,21,25 

and space does not permit a detailed 
review here. 

(b) Supportive measures. Supportive 
care includes the use of such supple- 
mentary dietary and metabolic aids as 
are indicated by coexistent or related 
physical disturbances; plus reasonable 
attempts to restore more normal bio- 
logic rhytlims {e.g., reduction of in- 
somnia, constipation). If the inter- 
ference witli biologic rhythms is severe, 
hospitalization for more sustained in- 
itial observation and control of medica- 
tion is highly desirable. Tonic dosage 
of insulin (“regular” insulin, 10 to 30 
units depending upon tolerance, % 
horn- before meals) for hospitalized 
patients is often of value through relief 
of muscular tension, increased appetite 
and utilization of carbohydrates, and a 
subjective feefing of well-being. Otlier 
pharmacologie applications to suppor- 
tive therapy are mentioned separately 
below. 

(c) Manipulation of environment and 
activity. Medical recommendations for 
temporary or permanent alteration of 
die environment are of occasional help, 
especially when a patient needs (1) as- 
sistance in altering habitual patterns of 
behavior, (2) temporary respite or con- 
cessions from a sdess-producing en- 
vironment, and (3) introduction to new 
fields of endeavor. Tliese are generally 
palliative de^dces, however, ranging 
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from hospitalization to protect a patient 
from well-meaning relatives to tire urg- 
ing of hobbies. Tlieir use is not with- 
out its pitfalls; notably the fallacy 
inherent in “rest cures” which are 
based, as Karl Menninger-- reasons, 
upon the fatigue theorj’- of nem'osis. 
Psycliiab-ic illness, he points out, is 
the result of misdirected energy rather 
tlian tlie lack of energy. Groom^^ re- 
marks that physicians should occasion- 
ally examine their o\\m motives for 
sending anxious patients (far) away 
on vacations. 

(d) Pharmacologic aids. The use of 
pharmacologic support in psychoso- 
matic disorders is often fraught witii 
more hazards tlian benefits, but if a con- 
ser\'ative attitude prevails on the part 
of tire physician and he is careful to 
imbue his patient with tire philosophy 
that medications are intended to rednce 
symptoms temporarily ratlier tlian to 
obliterate them, it is hard to deny 
patients the reassurance of the excellent 
pharmacologic armamentarium now 
available. Some of die more useful 
drugs for this pm-pose may be grouped 
as follows: (1) rapid, delayed action, 
or slou'ly acting sedatives; (2) amjiheta- 
mine sulfate and derivatives of rapid- 
acting t\pe, for morning and noon 
stimulation of depressed and lediargic 
patients— preferably combined Moth 
minimal doses of a barbiturate to re- 
duce tension and side-effects of am- 
phetamine; (3) antispasmodics of recent 
dei’clopment, relatis'ely free of atropine 
side-reactions, for spastic gastrointes- 
tinal and other \-egetati\’e dyskinesias; 
(4) anliiiistaminics for severer allergic 
manifestations; and (5) bulk-formers for 
the conser\’ati\'e control of constipation. 

A few safeguards seem particularly 
recjuircd in the pliarmacologfc treat- 
ment of psychiatric patients, since 
mail}- of tliese indiWduals are potenti- 
ally dependent upon any “crutch"— 
whether the crutch be mechanical. 


human, chemical, or institutional: (1) 
prescriptions for sedatives and stimu- 
lants should be non-renewable and for 
short periods (2 to 3 weeks); (2) seda- 
tives, stimulants, and antispasmodics 
should be presciabed in almost homeo- 
patliic doses initially (except in emer- 
gencies), and the maintenance dose 
held at a very minimum; patients in the 
throes of anxiety frequently prove re- 
markably hypersensitive to even aver- 
age doses; (3) alcohol, bromides, and 
narcotics have, in this writer’s opinion, 
no place in psychotlierapy except pos- 
sibly when safer agents are not avail- 
able for an emergency; (4) for older and 
arteriosclerotic patients, phenobarbital 
(or “Luminal”) often produces unwar- 
ranted cerebral retardation and occa- 
sionally confusion; plain barbital, 
“Mebaral,” sodium barbital, sodium 
amytal, paraldehyde, and die newer 
urea compounds are among tlie more 
desirable sedatives and hypnotics for 
these patients; (5) tire use of hormonal 
substitution therapy (particularly gon- 
adal) in cases of predominantly psy- 
chiatric symptomatology has been al- 
most universally disappointing and 
scarcely justified (in the absence of 
gross organic indications) as an adjunct 
to. psychotherapy; and (6) die avail- 
ability of symptomatic remedies must 
not distract the physician nor his pa 
tient from die primary problem and the 
padent-as-a-whole, lest they be lost 
in a forest of symptoms with new 
distractions springing up as older ones 
are dampened pharmacologically or 
otherwise. 

SUMMARY, Some of the present 
aspects of psychodierapy are surveyed 
for orientation of the non-psychiatrist: 

1. Patients presenting mild to moder- 
ate psychopathology are often best 
treated by the non-psychiatrist, using 
proper criteria for selection and rea- 
-sonable conservatism in the flexible use 
of psychotherapeutic techniques. 
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2. Successful psychiatric referral is 
heavily dependent upon the rational 
selection both of the patient as suit- 
able and the psychiatrist as appro- 
priate to the patient and his problem. 

3. The referring physician plays a 
powerful role in determining the pa- 
tient’s attitude toward his symptom- 
atology, as well as toward subsequent 


psychotlierapy. Some preparation of 
the patient for the latter before referral 
{i.e., indications, rationale, practical 
problems related) can greatly facilitate 
successful psychiatric management. 

4. Present trends in psychotherapeu- 
tic practice give promise of more prag- 
matic adaptation of pi'eviously diver- 
gent theories. 
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THE PHYSIOLOGICAL SOCIETY OF PHILADELPHIA 
SESSION OF FEBRUART 17. 1948 


The Renal Elimination of Carona- 
mide {4'-carboxyphenylmethanesulfon- 
anilide). Harold M. Peck, M.D., 
Elizabeth K. Tillson, William S. 
Waller and Karl H. Beyer, Ph.D., 
M.D. (Medical Research Division, 
Sharp and Dohme, Inc., Glenolden, 
Penna.). Caronamide (4'-carboxy- 
phenylmethanesulfonanilide) has been 
demonstrated to be an effective agent 
for the inliibition of tlie renal tubular 
excretion of penicillin. The hypothe- 
sis for such an agent provided that it 
reversibly inhibit tlie tubular excretion 
of penicillin by an affinity for the tub- 
ular transport mechanism involved 
and tliat it be eliminated essentially 
by glomerular filtration. 

E.xperimental procedures for the 
study of renal elimination of carona- 
mide in dogs have included tlie fol- 
lowing: 1) Simultaneous plasma con- 
centrations of caronamide and manni- 
tol, o\’er an 8-hour period, in bilater- 
ally neplirectomized, unanestlietized 
dogs. 2) Simultaneous urinary recov- 
eries of caronamide and mannitol. 3) 
Simultaneous falling plasma concen- 
trations of caronamide and mannitol. 
4) Clearance ratios, excretion ratios, 
atid extraction ratios of caronamide 
obtained by comparing its clearances 
and extractions to tliose of creatinine. 

Anah'tical methods included die col- 
orimetric method of Ziegler and 
Sprague (J. Lab. Clin. Med., 33, 96, 
1948) which measures caronamide per 
se and its metabolites and the method 
of Brodie, Levy and Bernstein (J. Pharm. 
and Exper. Therap., 91, 246, 1947) 
which measures caronamide per se. 
Correction for binding on plasma pro- 
(114) 


tein was based on results obtained by 
the method of Lovietts (J. B. C., 120, 
267, ,1937). 

The results obtained justified the 
following conclusions: 1) Caronamide 
undergoes some alteration in the body 
that incieases its water solubility but 
does not seem to alter the manner in 
which the kidney handles the drug. 
2) Practically aU of a dose of carona- 
mide administered orally or intraven- 
ously is recovered as such, or in the 
form of metabolites, in the urine. 3) 
Present evidence indicates that caro- 
namide and its metabolites are ex- 
creted by glomerular filtration. 4) The 
clearance of caronamide is inversely 
related to its plasma concentration. 
5) Present evidence permits tlie tenta- 
tive conclusion that bound, as well as 
unbound, caronamide contributes to 
the amount filtered, rendering a cor- 
rection for binding an uncertain quan- 
tity of questionable significance. 

Comparison of Two Types of Perma- 
nent External Bile-fistula Dogs for 
Studying Liver function. "William J. 
Shape, M.D., C. Wilmer Wirts, M.D., 
and Abraham Cantarow, M. D. (Depts. 
of Physiology, Medicine, and Bio- 
chemistry, Jefferson Medical College.) 
A tubulated duodenal fistula, of tlie 
(>116 first described by Thomas, placed 
opposite the biliary ampulla was uti- 
lized to collect bile. This type of bile- 
fistula is compared with the Rous-Mc- 
Master fistula preparation. Some of 
tlie advantages of the Thomas-fistula 
dog are (a) it has a shorter period of 
convalescence, (b) requires no special 
diet or care, (c) sunives for long pe- 
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riods of time, (d) maintains good liver 
function and freedom from extra he- 
patic obstruction. Comparing the two 
preparations it was found that all of 
tlie Thomas-fistula dogs met the cri- 
teria for normal bromsulfalein excre- 
tion in the bile, while only six out of 
twenty-two of the older type (Rous- 
McMaster) met these requirements. 
None of tlie newer type preparations 
showed any bromsulfalein retention 
while four of the five standard animals 
exhibited this abnormality. The vol- 
ume of bile excreted per unit of time 
was almost identical in the two prep- 
arations. However, in general the 
older type fistula dog did not excrete 
as much dye as tlie Thomas-fistula dog. 
Therefore, it would seem that rather 
than an obstruction to tlie flow of bile 
actually these animals had liver im- 
pairment. 

Comparing the 2 mgm./kilo dose 
and the 5 mgm./kilo dose of bromsul- 
falein we find the concentration in the 
bile to be enormously increased but 
the shape of the excretion curve and 
the concentration at the end of two 
hours are practically identical. 

The preparation described has been 
found useful in comparing rates of ex- 
cretion of various injected materials 
and evaluation of various choleretics. 

Variations in the Blood-supply of tlie 
Liver, Gall Bladder, Stomach, Duode- 
num, Pancreas and Spleen (200 dissec- 
tions).* Nicholas A. Michels, Dr. 
Sc. (Daniel Baugh Institute of Anatomy, 
Jefferson Medical College). In my 
previous work (Am. J. Anat., 1942) it 
was shown that in 100 bodies each 
spleen had a different terminal divi- 
sional pattern of the splenic artery. 
Total splenic arterial bed lengtli varied 
from 30-90 cms., lengtli of splenic from 
8-32 cms. marked tortuosity), lienal 
branches from 7-35, some arising early 


(disti’ibuted splenic), otliers late (magis- 
tral splenic). 

Like the spleen, each liver has a dif- 
ferent pattern of terminal arterial vas- 
cularization. In 52% tlie celiacal he- 
patic supplies a right, left and middle 
hepatic, the latter a branch of right or 
left hepatic supplying quadrate lobe. 
The 3 main hepatic branches give off 
numerous terminal branches (20-65) 
each selectively disti'ibuted to a spe- 
cific liver area as is readily observed 
when branches in the umbilical fossa 
are dissected. 

An aberrant hepatic artery (one aris- 
ing otherwise than from celiacal he- 
patic) occurs nearly in every other 
body (48%). Aberrant right hepatics 
arise prevaihngly from superior mesen- 
teric; aberrant left hepatics from left 
gastric. Of aberrant right hepatics 
(22%), 15.5% were replaced right he- 
patics, i.e., the only right hepatic pres- 
ent; 6.5% were accessory right he- 
patics. Of aberrant left hepatics (26%), 
14% were replaced left hepatics, 12% 
were accessory left hepatics. Predict- 
able estimate: Nearly every other aber- 
rant left hepatic from left gasti'ic con- 
stitutes the only left hepatic present 
and 3 of every 4 aberrant right he- 
patics from superior mesenteric are re- 
placed right hepatics. Entire hepatic 
ti'unk may come from superior mesen- 
teric or left gastric. 

Single cystic artery from right he- 
patic 58.5%; replaced types 16.5%. 
Double cystic 24.5%; one triple. 
Right hepatic ventral to hepatic duct, 
14.5%. Accessory hepatic ducts, 14%. 

Investigation showed constancy of 
four arteries usually not described in 
text-books: 1) retroduodenal (first br. 
of gastroduodenal) to back of duode- 
num and head of pancreas; 2) supra- 
duodenal to first part of duodenum; 
3) dorsal pancreatic (from splenic, he- 
patic, celiac, sup. mesenteric); 4) trans- 


* Aided by a grant from the American Philosophical Society. 
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verse pancreatic, which courses along 
inferior surface of pancreas.' 

Direct Experiments on the Interpre- 
tation of the Ballistocardiogram. 0. 
Horwitz, jM.D., R. L. AIayock^ M.D., 
and Isaac Starr, M.D. (Depts. of 
Therapeutic Research and Medicine, 
Uni\’. of Penna.) At the first stage of 
necropsy the aorta has been cannu- 
lated at tlie aortic valve. The cannula, 
bent at a 90° angle, was attached to a 
piston syringe. A Hamilton manom- 
eter was inserted in the aorta, and 
‘ diastolic” pressure maintained by sa- 
line solution running into the femoral 
arteiy from a bottle raised to tire dias- 
tolic level. Tlie subject lay on the 
ballistocardiograph and the position of 
the sjTinge plunger, and tlie blood 
pressure were recorded simultaneously 
with the ballistocardiogram by appro- 
priate optical systems. “Systoles” of 
\’arious tj'pes were obtained by push- 
ing home the plunger by hand, or by 
striking it with a padded mallet. The 
records of 29 such systoles, obtained 
on two cadavers with normal blood 
vessels, aged 22 and 14 years, have 
been anahsed. 

The shape of the ballistocardiogram 


depends on the shape of the ejection 
velocity curve; when the latter attains 
maximum velocity early in systole the 
ballistocardiogram is normal in form. 
Otherwise it is abnormal. 

The size of the balhstocardiogram 
depends on the acceleration of the 
ejected fluid. The correlation between 
maximum positive acceleration and the 
area of I and J waves is +0.72, be- 
tween maximum positive acceleration 
and the area of I + J dirided by their 
duration is +0.84. Tlie ampHtude of 
the ballistocardiogram is, therefore, pri- 
marily related to die heart’s force, and 
as the duration is known, to the heart’s 
power. The relation to cardiac output 
is secondary. 

Nevertheless the calculated values 
for cardiac output, adjusted for the 
lack of right sided effects by doubling 
the I wave area, agree fairly well widi 
the actual. In only 8 instances was tlie 
ballistocardiogram normal in form and 
the pulse rate, calculated from the du- 
ration of ejection, between 43 and 200. 
In these, the average difference be- 
tween actual and calculated stroke vol- 
umes was +1%, the standard devi- 
ation about this mean 13%. 
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Teaching Psychotherapeutic Medicine. Ed- 


ited by Helen Leland Witmer, Ph.D. 

Pp. 464. New York: Tlie Commonwealth 

Fund, 1947. Price, $3.75. 

This “Minnesota E,xperiment” has impor- 
tant meaning for every practitioner of medi- 
cine. Twenty-three physicians in general prac- 
tice, a pediatrician and a dermatologist met 7 
psychiatrists and 2 internists in an outpatient 
clinic where they worked and talked for 2 
weeks— from 8:30 A. M. to 9 P. M. 

Talks by psychiatrists on such topics as 
Normal Personality Development, Anxiety, 
Erections and Disease were followed by in- 
formal section meetings and, most important, 
hour-long interviews between the physicians 
and out-patients. Sometimes a psychiatrist 
would come into the last minutes of an inter- 
view. In the second week some explanations of 
tlie psychoneuroses were given and illustrated 
by clinical examples and physiological demon- 
strations of the effects of emotion on body 
functions. 

Appraisals of tlie value of tins experiment 
are deservedly entliusiastic. Physicians to 
whom patients turn first in every kind of ill- 
ness learned to deal witli easily understand- 
able methods of psychotherapy which were su- 
perficial but which could bring surprisingly 
good results. They learned also to recognize 
malignant mental conditions which were either 
to be let alone or referred to psychiatrists. 

An invaluable contribution was made by 
internists Drs. Bauer and Wolff in fitting or- 
ganic disease and the play of emotion into the 
life situations of patients. 

This book is strongly recommended to all 
physicians. The Commonwealth Fund has 
scored a great success in this e.xperiment. 


E. B. 


Handbook on Fractures. By Duncan Eve, 
Jr., M.D., F.A.C.S., Assoc. Prof, of Surgery, 
Vanderbilt Univ. Pp. 263; 129 ills. St. 
Louis: C. V. Mosby, 1947. Price, $5.00. 
This concise, little book on fractures is 
remarkably replete v’ith the essential princi- 
ples and is illustrated with verj' informative 
photographs and line drawings. It should be 
an e.xcellent aid as a handbook in the teach- 
ing of fractures, representing a summation 
of more tlian 40 }'ears in the field of fracture 
work b)' a busy and practical surgeon. Dr. 
Eve is to be congratulated. P. C. 


The Pathology" of Nutritional Disease. 
By Richard II. Follis, Jr., M.D., Assoc. 
Prof, of Pathology, Duke Univ. School of 
Medicine. Pp. 291; 71 ills. Springfield, 
111.: Charles C. Thomas, 1947. Price, $6.75. 
The subject of nutritional disease has be- 
come so vast that it tends to be bewildering 
to one not closely connected with the field. 
Nevertheless, Dr. Follis has managed to con- 
dense the subjeet into a concise, readable 
volume. The pathologic changes in both ex- 
perimental animals and in man are clearly 
described and well illustrated by copious 
photographs. Topics discussed include tlie 
essential elements, essential amino acids, and 
vitamins. For each substance, a brief his- 
torical review and discussion of biochemical 
relationships is given in addition to a descrip- 
tion of patliologic changes. This volume 
should prove of value to both pathologist 
and clinician. A. R. 


Applied Medical Bacteriology. By Max 
S. Marshall, Ph.D., with the collaboration 
of Hanet B. Gunnison, M.A., Alfred S. 
Lazarus, Ph.D., Alizabeth C. Morrison, 
M.A., and Marian C. Shevky, A.B., Medi- 
cal Center of the Univ. of California. Pp. 
340; 8 ills. Phila.: Lea & Febiger, 1947. 
Price, $4.50. 

This book is a new approach to medical 
bacteriology. Although it is not a text in the 
usual sense, principles of bacteriology and 
procedures for the identification of micro- 
organisms are skillfully combined as a lab- 
oratory manual. Thus the first 14 chapters 
are concerned with general bacteriologic pro- 
cedures ineluding such valuable chapters as 
those on general virus techniques, sanitation 
and biologic products. The final chapter con- 
stituting about half the book is devoted en- 
tirely to tlie laboratory diagnosis of commonly 
encountered infectious lesions or diseases. 
These are arranged alphabetically in order 
to facilitate reference. Under each disease 
are discussed the clinical aspects, the pro- 
curement of specimens, the character and 
identification of the causative organisms, and 
suitable methods of reporting laboratory find- 
ings to the clinical serYuces. This book should 
be useful therefore not only for bacteriolo- 
gists and pathologists, but also for practition- 
ers of medicine in the proper procurement of 
specimens for bacteriologic examination. 

R. N. 
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PnoTEixs AND Amino Acids in Nutrition. 
Edited by Melville Sahvun, M.A., Ph.D., 
Biochemist Consultant, Charles Godwin 
Jennings Hospital, Detroit. Pp. 566. New 
York: Reinhold, 1948. Price, .87.50. 

In this cooperative effort, IS authors have 
joined to prepare 13 chapters ranging from 
a historical re\’iew of the early literature 
upon protein nutrition to the protein nature 
of filtrable \'iruses. As the title implies, the 
authors confine themselves to various facets 
of our knowledge of proteins in nutrition. A 
partial listing of chapters will indicate the 
variety of information covered: “The Bio- 
logical Utilization of Proteins and Protein 
Requirements”; “Caloric, Vitamin and Mineral 
Requirements with Particular Reference to 
Protein Nutrition”; “The Nutritive Aspects of 
Meat and Meat Products”; "The Relation of 
Hormones to Protein Metabolism”; “Plasma 
Proteins and Their Relation to Nutrition”; 
“Protein and Amino Acid Nutrition in Pedi- 
atrics and in Pregnancy”; “Protein Nutrition 
in Surgical Patients”; “Proteins as Related to 
Burns”; "Relation of Fluid and Mineral Bal- 
ance to Protein Metabobsm”; "The Protein 
Nature of To.sins, Antito.vins and Related 
Substances”. In the appendix are included 2 
tabulations of the pro.ximate composition of 
American food materials and the nutritive 
values of 100 grams of selected foods, edible 
portions. 

With this varied content it is evident that 
tlie biological significance of proteins and 
.unino acids is being actively investigated. 
The answers to many of the questions raised 
.ire not set available, but the discussions pre- 
sented here should stimulate further investi- 
Hations and increase our knowledge. 

H. V. 


CkjNT.ENITAL M ALTOR-MATIONS OF THE HeAUT. 

B\ Helen B. Taussig, M.D., Assoc. Prof, of 

Pediatrics, Johns Hopkins Univ. School of 

.Medicine. Pp. 618; 223 ills., 46 in color. 

New York: The Commonwealtli Fund, 1947. 

Price, S 10.00. 

This book is divided into 4 parts. The 
lirst (Chapters I through III), seiving as an 
introduction deals witli embryologv, physi- 
ology and diagnostic methods’. In Parts’ II 
and 111 (Chapters IV through XXV) the 
various congenital heart malformations arc 
discussed. Finally, therapy is presented in 
Part IV (Chapters .XXVI and XXVII). 

Each chapter has been given the same care 
111 organi/atiori and presentation as that re- 
llected by the over-all plan of the book. 


Clinical and pathological findings are amply 
illustrated with drawings of pathological spe- 
cimens, with good reproductions of represent- 
ative X-ray films, and in a few selected cases, 
witli limb lead electrocardiograms. The ana- 
tomical alterations in the circulation pro- 
duced by the various malformations are well 
shown by colored plates. Each chapter is 
concluded with a summary', a few illustrative 
cases, and several pertinent references to the 
literature. 

In preparing this book Dr. Taussig has 
relied almost entirely upon her own e.xperi- 
ence to provide material. Many of the clini- 
cal observations and interpretations are her 
own, especially’ tliose based on fluoroscopic 
studies. She has made no attempt to sun'ey 
the literature dealing with congenital heart 
disease or to list a complete bibliography’. 

Throughout the book Dr. Taussig empha- 
sizes tlie importance of the clinical methods 
available to all physicians in the diagnosis of 
congenital heart malformations. This emphasis 
is justifiable as is the stress placed upon em- 
bryology’, pathology, and physiology. There 
is, however, no specific discussion of tlie rela- 
tive incidence of tlie various malformations, 
and much valuable information obtainable 
by angiocardiography and catlieterization of 
the heart has been omitted. Passing mention 
is made of the diagnostic value of these pro- 
cedures in certain malformations. Likewise no 
use has been made by the author of chest leads 
in the electrocardiographic studies. 

This book is much needed and should prove 
useful to all phy'sicians interested in congenital 
heart disease. It can be recommended with- 
out hesitation. R. K. 


Gynecologic and Obstetrical Urology. By 
Houston S. Everett, M.D., Assoc. Prof, 
of Gynecology, The Johns Hopkins Univ. 
2d ed. Pp. 539; 232 ills. Balt.; Williams & 
Wilkins, 1947. Price, S6.00. 

With its emphasis on the very important 
relationship between diseases of the female 
genital system and the urinary’ tract, this book 
is a most valuable contribution, filling tlie 
gap commonly’ found in the literature and 
textbooks of these 2 specialties. 

The field of urology’, excluding only that 
which strictly pertains to the male, is com- 
pletely coi’ercd by the author. The sections 
on anatomy, physiology and on renal func- 
tion studies are excellently’ written, up to 
date, and beautifully illustrated, using many 
of the classic dr.awings of Max Brodel, as re- 
produced out of earlier texts originating from 
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the Johns Hopkins group. Diseases of tlie Fe- 
male Urethra, Inflammations of the Bladder, 
Incontinence of Urine, Ureteral Obstructions, 
Pyelonephritis, Urinary Fistulas and The 
Management of Surgical Injuries to the Uri- 
nary Tract are ably presented, emphasizing 
etiology, diagnosis and management of tlrese 
difficult problems in the female and bringing 
to the reader the summation of the work of 
many observers from a large clinic limited 
to urology in the female. 

The new edition includes a section on the 
technique of indirect cystoscopy; a revision of 
the chapter on bladder neoplasms so as to 
include a summary of Jewett’s recent work; 
the newer concepts of chemotherapy; and an 
increased number of illustrations and tables. 

J. G. 


Telepathy and Medical Psychology. By 
Jan Ehrenwald, M.D., Associate in Psy- 
chiatry, Long Island College of Medicine. 
Pp. 212. New York: W. W. Norton, 1948. 
Price, $3.00. 

The possibility of telepathic communica- 
tion between individuals has frequently chal- 
lenged the imaginative powers of the pseudo- 
scientific and lay writers, but the evidence 
presented has been mystic or poetic ratlier 
than objective and subject to critical scru- 
tiny. Observations of the extreme sensitiveness 
of neurotic and psychotic patients to the atti- 
tudes of those around them do not readily 
lend themselves to re-examination under lab- 
oratory conditions; and on the other hand, 
the work of Dr. J. B. Rhine of Duke Uni- 
versity with the so-called Zener cards pro- 
vides data which are statistically assayable 
but provides little information as to the modus 
operandi of the phenomenon. 

On this gap Dr. Ehrenwald focuses his in- 
terest. His association with “the Viennese 
school of Psychiatry” gave him, he feels, a 
psychoanalytic orientation and a lack of bias 
toward the schools of Freud, Adler, Jung and 
Stekel. Certainly he makes every effort to 
present an unprejudiced point of view. He 
contends that telepathic activity plays a more 
important role in tire psychoanalytic situa- 
tion than most tlierapists are willing to grant; 
and he adds tlie piquant comment that “no 
ortliodox psychoanalyst appears to have ever 
come across patients dreaming in the ‘Ad- 
lerian’ jargon and ... no strictly ‘Adlerian’ 
analyst has obser\'ed patients using the dream 
codex of the orthodox psychoanalyst . . . 

In spite of the serious considerations of tele- 
pathic phenomena in present-day psychoana- 


lytic literature, there would appear to be some 
justification for the author’s statement that 
these are regarded as “merely accidental” oc- 
currences rather than as therapeutic tools of 
some potential value. 

When considered from this point of view 
telepathy, in tlie autlior’s opinion, may be ex- 
pected to play a significant part in the for- 
mation of personality and the changes ob- 
served in the neuroses and psychoses. The 
concept is thought-provoking and tlie case- 
material (except, perhaps, in the chapter on 
Telepathy and Paranoia) offers strong sup- 
portive evidence. Whatever the reader’s point 
of view. Dr. Ehrenwald’s hook is timely and 
stimulating. E. B. 


The Sulfonamides and Allied Compounds. 
By Elmore H. Northey, Ph.D., Adminis- 
trative Director, Stamford Research Lab- 
oratories, American Chemical Monograph 
Series. Pp. 660; 323 tables. New York: 
Reinhold, 1948. Price, $12.50. 

Since the discovery of the antibacterial 
activity of the sulfonamides and related com- 
pounds, over 5000 new compounds have been 
synthesized. Much duplication of effort has 
gone into the preparation of these substances. 
Pertinent data upon their chemical and phar- 
iqacological properties are so scattered in tlie 
literature that it is all but impossible for the 
individual worker to attempt to correlate 
them. Accordingly Doctor Northey has com- 
piled the information upon these compounds 
into tables in Beilstein order, listing melting 
points, antibacterial activities when known, 
and references to tlie literature. Many un- 
published data are included, and journal 
references tlirough December, 1944, are listed. 

These data should be of great value as a 
research tool in the quest for new chemo- 
therapeutic drugs. The book is not intended 
for a therapeutic guide, though it does con- 
tain much of interest to pharmacologists and 
clinicians. The methods of e.xperimental evalu- 
ation of chemotherapeutic activity are sum- 
marized together witli a tabulation of pub- 
lished data on tlie action of sulfa drugs 
against particular bacteria. The pharmacology 
of tlie more important compounds is presented 
in a separate chapter. The various tlieories 
advanced to explain the mechanism of action 
of tlie sulfonamide drugs are also reviewed. 
In a final chapter Doctor B. W. Carey pre- 
sents an adequate summar)' of the clinical 
evaluation of the sulfonamide drugs. 

H. V. 
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NEW BOOKS 

Medical Clinics of ISlortli America.- January, 
1948. Chicago Number. “Sj'mposium on 
Endocrinology.” Pp. 1-299. Pliila.: W. B. 
Saunders. Price, $16.00 a year. 

Tins number is composed of 11 articles 
under the Editorship of Dr. Willard O. 
Tliompson, and, in addition, 11 Clinics on 
other subjects. The Sjanposium on Endoc- 
rinology discusses in practical detail such 
problems as sterility in tlie male and fe- 
male, hj'pogonadism in the male, uterine ~ 
bleeding, testosterone treatment of breast 
cancer, problems of growtli and the treat- 
ment of Graves’ disease with radioactive 
iodine. The articles, by authors who are 
recognized authorities in their fields, pre- 
sent a thoughtful analysis of the problems 
ins'olved. The Clinics on other subj'ects are 
dis-erse, ranging from an e.vcellent discussion 
of the detection of food allergy to a re- 
view of precordial leads in electrocardiogra- 
phv. The volume mas' be recommended 
tor these practical yet stimulating articles. 

F. D. 

NEW EDITIONS 

Illustrative Electrocardiography. By Julius 
H uusTEiN, A.B., M.D., Chief of tlie Car- 
diac Clinic, Morrisania City Hospital, New 
York, and Nathan* Bloo.m, M. D., F.A.C.P., 
Assoc. Prof, of Medicine, Medical College 
of Virginia. 3rd ed. Pp. 325; 99 plates. New 
York: D. Appleton-Centurv, 1948. Price, 
$ 6 . 00 . 

This edition is rewritten and includes, 
ver\' briefly, the newer techniques of elec- 
trocardiographic e.vamination. The text con- ' 
tains few theoretical considerations, and no 
controversial material. The illustrations are 
well cho.sen. Chapters on the phonocardio- 
grani and radiology of the heart have been 
added. There is no bibliography, but a sub- 
ject index is appended. The book is dis- 
tiuclli- one for the beginner, and, as such, 
\rill sen-e a useful purpose. J. V. 
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Choice of Method and Standardization of 
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phabetical order. This edition “has e.x- 
p.inded the subject matter to include re- 
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and other laborators* techniques. . . . Also 
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the publication of tlie first edition, and im- 
pro\-ements in standard techniques.” 

Laboratory Experiments in Physiology. By W. 
D. ZoETHOUT, Ph.D., Prof. Emeritus of 
Phj'siology, Chicago College of Dental Sur- 
gery*. 4th ed. Pp. 263; 97 figs, St. Louis: 
C. V. Mosby*, 1948. Price, $3.00. 
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human phy*siology* to advanced mammal- 
iam or medical physiology.” 

Source Book of Orthopaedics. By' Edgab M. 
Bick, M.D., F.A.C.S., Assoc. Orthopedic 
Surgeon, Mt. Sinai Hospital, New York. 
2d ed. Pp. 540; 31 ills. Balt.: Williams & 
Wilkins, 1948. Price, $8.00. 

Psychobiology and Psychiatry. By' Wendell 
Muncie, M.D., Assoc. Prof, of Psy'chiatry, 
Johns Hopkins Univ. 2d ed. Pp. 620; 70 ills. 
St. Louis: C. V. Mosby, 1948. Price, $9.00. 

Clinical Toxicology. By Clinton H. Thienes, 
M.D., Ph, D., Prof, of Pharmacology*, Univ. 
of Southern California, and Thomas J. Ha- 
lev, Ph. D. 2d ed. Pp. 373; illustrated. 
Pliila,: Lea & Febiger, 1948. Price, $4.75. 

Since the 1st edition appeared 8 y'ears 
ago (See Am. J. Med. Scl, 199, 726, 1940) 
the text has been so greatly* enlarged and 
revised that the book has been completely 
reset. It is dii'ided into 9 sections, Conml- 
sant Poisons, Central Nervous System De- 
pressants, Peripherally Acting Neri'e Poi- 
sons, Muscle Poisons, Protoplasmic Poisons, 
Poisons of the Blood and Hematopoietic 
Organs, Principles of Treatment, An Out- 
line of Sy'mptom Diagnosis, Chemical Diag- 
nosis of Poisoning. It should be of value to 
the general practitioner and to specialists in 
many fields. 

ji obliterans des Gehirns. 

■> I Lhavero. Pp. 248; 15 

ills. Basle, Switzerland: Benno Schwabe, 
1948. (Imported by Grune & Stratton.) 
Price, Geb. Fr. 24. 

Uber die Kaliumbeslimmung in Biologischer 
Subsfanz. Von W, W. Rieben, Professor 
der Medizin. Pp. 73; 4 ills. Basle, Switzer- 
land: Benno Sclnvabe, 1947. (Imported by 
Grune & Stratton.) Price, Geb. Fr. 12. 

You Can Be Thin! Slenderness Through Psy- 
chology. By Heilman Fkiedel, M.D. Pp. 
117. New York: Caxton House, 1948. Price, 
$ 2 . 00 . 
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For many years it has been possible 
to make a diagnosis of the disease 
underlying abnormal collections of 
fluid in the serous cavities in certain 
cases. However, many times serous 
effusions occur and it is impossible 
to make more than an unsatisfactory, 
indefinite diagnosis in the absence of 
convincing evidence pointing in one 
direction. If was, with the hope of 
adding to the knowledge which might 
be derived from tlie examination of 
serous fluids that tliis study was under- 
taken, even tliough tlie evidence so 
derived could hardly be more than 
presumptive. 

Review of the Literature: The fii'st 
report located in which anyone found 
malignant cells anywhere other tlian in 
tissues was by Beale,^ who recognized 
a clump of malignant cells in the spu- 
tum of a patient who had carcinoma 
of the pharynx. Later otlier clinicians 


9,44,43 found malignant cells by examin- 
ing stained smears of pleural and as- 
citic fluid. Bahrenberg^ described a 
technic for embedding tlie sediments 
from centrifuged fluids and sectioning 
them for examination. In 1900, Man- 
delbaum®'* was able to diagnose actin- 
omycosis by fixing pus in formalin, 
embedding it in celloidin and demon- 
strating the Actinomyces microsopi- 
cally. Steiner®” used tlie technic de- 
scribed by Mandelbaum to demon- 
sti'ate malignant cells in effusions. This 
technic with minor variations still is 
used by some but it has been sup- 
planted <5,10,29,32,49,51,54,58 UlOSt CaSCS 

by a different technic in which the 
specimen is embedded in paraffin for 
section as described by the same au- 
thor”^ at a later date. A metliod of 
making frozen sections of the sediment 
fixed in formalin without the use of 
paraffin was described by Venable®^; 
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Master of Science in Surgery. 


( 121 ) 



122 


PHILLIPS, MCDONALD: 


by tlus metliod he was able to obtain 
good material for examination. Some 
authors'^’^'' have stressed that paraffin 
sections are greatly superior to stained 
smears in examining sediments of ser- 
ous effusions, but the results of those-® 
who used smears seem to compare 
fa\'orably witli tlie results of those who 
used sections. 

The presence of mitotic figures in 
tile cells of effusions has been discussed 
by many witers, but there has been 
considerable disagreement as to the 
amount of dependence which may be 
placed on the finding of them in diag- 
nosis. It has been reported-®’®’ that 
mitotic figures have been found in tlie 
benign cells of effusions, but many au- 
thors i=.i5,io,s8,3G,3a consider them pre- 
sumptive evidence of malignancy. 
Evidence of atypical mitosis generally 
has been found only in malignant 
cells.*®’®® 

It is generally agreed that the obser- 
vation of indefinite clumping of the 
cells or formation of sheets is of little 
if any value in diagnosis of maUgnant 
disease,*®’*®’®® but that tlie finding of 
definite organoid arrangement of the 
cells, such as the formation of acini, 
contributes positive evidence and 
makes a high degree of accuracy 
in diagnosis possible. **'*®’*®’*®’*®’®®’®® 
Some®®’*® have said tliat the diagnosis 
can be made when such formations are 
found but the absence of the organoid 
arrangement does not necessarily rule 
out the presence of the disease. 

Multinucleation and formation of 
giant cells have been discussed by sev- 
eral authors, *®’‘®'’''’*®’“®’®® but none con- 
sidered them of great importance ex- 
cept when the giant cells are of the 
tumor type. 

Xcarly all of the writers on the sub- 
ject have recognized some finer dif- 
ferences between the individual char- 
acteristics of the malignant cell and 
those of the normal cell and attached 
r.yjre or less importance to these dif- 


ferences in diagnosis. Large, deep- 
staining cells with large nuclei have 
been considered as suggestive of ma- 
lignancy,^®’*®’®®’®® and some authors 
12,17,20-28,38,42,43,5- jj^ve stTOSsed thc im- 
portance of an increase in the relative 
size of the nucleolus as compared with 
that of the nucleus. Many*®’®®’*® have 
warned against designating as malig- 
nant the highly atypical cells found in 
fluids which have been present a long 
time while others*®’®® have considered 
eccentricity of the nucleus to be of 
diagnostic assistance. 

All writers have emphasized that 
diagnosis of malignant disease based 
on examination of serous eflFusions 
carries a high degree of accuracy, but 
negative findings are of less import- 
ance. Nearly all report®’*®’®®’*®’®® that 
die diagnosis of malignant disease was 
made correctly on the basis of this ex- 
amination in from 50 to 80^ of their 
cases. In from 3 to 5^ the results 
were erroneously positive. 

Most investigators®’®*’** of the sub- 
ject have reported that the finding of 
various blood elements in serous ef- 
fusions is of little aid in diagnosis. 
Norris and Landis®® believed that a 
predominance of lymphocj'tes in pleu- 
ral effusions is very suggestive of tu- 
berculosis. Several®’®®’®® have con- 
cluded that neoplasms and tuberculo- 
sis are the commonest causes of hemor- 
rhagic pleural effusions. 

Although e.xudates, such as the ef- 
fusions caused by inflammatory and 
neoplastic processes, tend to have 
higher specific gravity and concentra- 
tion of protein than do transudates, 
chemical studies of serous exudates 
have not been found useful in making 
a diagnosis except in rare instances. 

Moore and Van Slyke®* demon- 
strated that the specific gravity of the 
blood plasma parallels the concentra- 
tion of protein in the plasma with suf- 
ficient exactness to indicate the con- 
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centi'ation of die latter. The maximal 
deviation in their cases was 0.6 gm. per 
100 cc. of plasma. A variation on 
tiieir formula was found by Weech and 
his associates®® to be accurate in work- 
ing with transudates in dogs, and by 
Paddock^® to apply in serous effusions 
from human beings. The formula is: 
grams of protein per 100 cc, of plasma 
= 353.1 (G - 1.00759) ± 0.058. G rep- 
resents die specific gravity at 20° C. 

Materials and methods; For this study 
103 specimens of fluid from ninety-two 
consecutive patients with ascites, pleural 
effusion or pericardial effusion who under- 
went paracentesis, thoracentesis, pericar- 
dial aspiration, peritoneoscopy or laparo- 
tomy were collected and studied. The 
gross appearance of the fluid was noted 
and the specific gravity was determined 
with the ordinary laboratory hydrometer 
as soon as the fluid was obtained. 

At first erythrocyte and leukocyte counts 
were attempted, but because so many 
of the specimens were grossly contamin- 
ated by blood in the operating room and 
because many of the cells had settled 
before time was available for the study, 
thus making results inaccurate, these de- 
terminations had to be abandoned before 
they were made on all fluids and are not 
reported. However, remarks as to the 
relative cellularity of the fluids, estimated 
from the appearance of the slides, were 
recorded throughout. 

Specimens were centrifuged at 1,800 
to 2,000 rpm for 15 minutes and the sedi- 
ments obtained were smeared on slides 
and dried in the air at room temperature. 
Some of each set of slides were then fixed 
in 10^ solution of formalin for 12 to 24 
hours, stained with hematoxylin and eosin, 
and mounted with cover slips in Canada 
balsam. Other smears were stained by 
hematologists with Wright and Giemsa 
stains in their usual manner for preparing 
blood smears. 

A differential count of lymphocytes, 
polymorphonuclear leukocytes and mono- 
cytes was made. The number of meso- 
thelial cells, including malignant cells in 
this class when they were present, was 
noted for each 100 leukocytes. 


Smears of each specimen were examined 
carefully for the presence of abnormal 
cells, often with the oil immersion lens 
when its use was needed to examine the 
nuclear detail closely. 

Clinical pathologists assisted by de- 
termining the total concentration of pro- 
tein, nonprotein nitrogen and cliloride in 
the fluid. 

In most instances cultures for bacteria 
were obtained. In many instances guinea 
pigs were inoculated with some of the 
fluid and subsequently necropsy was per- 
formed in the Section on Bacteriology. 

Finally, the histories for all the pa- 
tients were checked to discover the diag- 
noses and, as far as possible, to determine 
the subsequent course of the disease. As 
more than five years had elapsed since the 
beginning of the study, this was often of 
much interest. 

Observations: Fifty-three specimens of 
fluid were obtained in 46 cases in which 
a diagnosis of malignant disease had been 
made clinically, on roentgenologic ex- 
amination, biopsy or necropsy, but in only 
34 cases in which 40 specimens were ob- 
tained, was there any evidence that the 
tumor might have involved the serous 
surfaces. In 19 (20 specimens) of the 34 
cases a positive diagnosis of malignant dis- 
ease could be made on the basis of the 
finding of malignant cells in the fluids. 
All fluids in which findings were doubt- 
ful were classified as negative for malig- 
nant disease. 

Four specimens of fluid were obtained 
in the same number of cases in which a 
diagnosis of possible malignant diseases 
had been made. No positive results were 
found on examination of the smears. 

Among the 46 specimens from 42 pa- 
tients who did not have malignant disease, 
one was considered to contain malignant 
cells. 

A summary of the characteristics found 
on examination of the smears may be 
found in Table 1. Consideration was 
given chiefly to the finer cytologic char- 
acteristics of the individual cells, such as 
the presence of mitotic figures, large, 
deep-staining nuclei and large, prominent 
nucleoli. Smears stained with Wright or 
Giemsa stain were often useful because 
of the greater demonstration of nuclear 
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detail than is afforded by hematoxylin 
and eosin. The presence of definite or- 
ganoid arrangement of cells, such as in 
acmi, was found to be a very useful diag- 
nostic aid; no errors were made in this 
series when the presence of these cells 
was used as a criterion for the diagnosis 
of malignancy. The finding of eccen- 
tricity of the nucleus, formation of 
signet-ring cells, multinucleation and ir- 
regular clumping of the cells was not use- 
ful; they were found to occur frequently 
in fluid from patients without mahgnant 
disease. The erroneous diagnosis of ma- 
lignancy was made on the basis of the 
finding of several mitotic figures in fluid 
which also showed eccentric nuclei, 
clumping and multinucleation. The pa- 


tient was a boy with juvenile cirrhosis. 
He was ahve and well at least 4 years 
later. 

Fig. 1 shows some of the cellular char- 
acterictics mentioned. 

Specific Gravity.— In fluid containing 
malignant cells the specific gravity ranged 
from 1.011 to 1.027, with an average of 
1.022. In cases of malignant disease in 
which mahgnant cells were not found in 
the fluid the range was 1.012 to 1.030, 
the average being 1.020. In cases of 
nephritis tlie range was 1.006 to 1.012, 
with an average of 1.010. The range in 
cases of cirrhosis was 1.008 to 1.020; tlie 
average, 1.013. The specific gravity of 
the fluid in two cases of cardiac decompen- 
sation was 1.018 and 1.020. In the mis- 



• = Fluids without malignant cells in 

patients with malignant disease 

° = Fludds fnom patients without 
malignant disease 

Fig. 2. Concentration of protein calculated by means of the formula of Weech and Iris 
colleagues.” 
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cellaneous group in which the conditions 
wore chiefly inflammatorj', the range was 
1.015 to 1.028; the av^erage, 1.020. The 
only tuberculous effusion in the series 
had a specific gravity of 1.026. 

The formula of Weech and his associ- 
ates was used to calculate the concentra- 
tion of protein in the fluids from tlie spe- 
cific gravity,^®'^® and the results are rep- 
resented graphically in Fig. 2. It may be 
seen that the values deviate consider- 
ably from tlie straight line represented by 
their formula and that the scatter is 
greatest for the fluids with high concen- 
tration of protein and specific gravity. 
The amount of variation, however, has no 
relationship \wth the disease causing the 
formation of fluid. It may be seen further 
that there is so much spread of the values 
for protein in the fluids in cases of any 
type of disease that this factor is of no 
use in making a diagnosis in any individ- 
ual case. 

It was noted that fluid containing ma- 
lignant cells tended to have a larger 
amount of sediment tlian others, but to 
a degree which could be considered as 
suggestive only in e.\treme cases. E.xcept 
in purulent fluids, most of the fluid, re- 
gardless of the disease present, had a pre- 
dominance of lymphocytes over polymor- 
phonuclear leukocytes. Exceptions to this 
tendency occurred irregularl)' in all types 
of cases. A high number of mesothelial 
cells in relation to the number of leuko- 
c\'tcs was ordinarily found when malig- 
nant cells were present, but sometimes a 
high number was found when malignant 
cells were not present. 

Concentrations of nonprotein nitrogen 
and chloride in fluid varied over a con- 
siderable range witliout relation to the 
disease present. Correladons witli those 
in the blood were unavailable for this 
sludy. 

Comment. An attempt should be 
made to account for the presence of 
serous effusions in cases of malignant 
disease in which the diagnosis cannot 
be confirmed by examination of the 
fluid. Malignant cells will be found 
in the fluid only if the malignant pro- 
cess involves the serous surface. Under 


tliis circumstance cells and groups of 
cells may break off and float free in 
the fluid, and the surface may become 
seeded witli daughter tumors if some 
of tliese cells are able to become im- 
planted and grow.® If tlie number 
of free-floating cells is small tliey may 
not be found in the material e.xamined 
because of their scarcity. 

On die other hand, fluid may be 
formed in malignant disease in which 
the serous surface is not involved by 
the tumor. The inflammatory reac- 
tion about a carcinoma of the colon, 
for example, might be suffleient to 
cause ascites to form, even tliough the 
tumor cells had not penetrated the 
serosa. Malignant tumors of tlie ovary 
might well cause ascites tlirough tlie 
same, poorly understood mechanism as 
do fibromas in Meigs’s syndi-ome,®^-^’ 
Metastasis to tlie hver tlirough venous 
channels may cause venous obstruction 
in tlie liver and ascites tlu'ough tlie 
same mechanism as cirrhosis. Ascites 
could be caused by blockage of the 
lymphatic channels in the regional 
lymph nodes by metastasis, but tlie 
ascitic fluid then should be chylous 
and it seldom is in actual practice. 

Lymphatic obstruction could cause 
pleural effusion witliout serosal involve- 
ment, and the fluid would not neces- 
sarily be chylous unless the tlioracic 
duct were impinged upon. Here 
again, the effusion might result from 
ovarian tumors, as in Meigs’s syn- 
drome.^’’’'’' Fluids may collect in cases 
of inflammatory conditions also witli- 
out serosal involvement, especially if 
bronchial obstruction is present. 

Summary. Tlie diagnosis of malig- 
nant disease was made by study of the 
characteristics of individual cells as 
seen in stained smears of the sedi- 
ment obtained by centrifuging serous 
effusions in 19 of our 46 cases of 
malignant disease in which the fluid 
was examined. Absence of the charac- 
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teristic cell did not rule out the diag- 
nosis. The use of Wright and Giemsa 
stains for the smears in addition to 
hematoxylin and eosin was found to 
be of some assistance in some cases 
because they revealed the intranuclear 
detail more clearly. The value of 
bacteriologic studies on pleural and 
ascitic fluids was not questioned or 
investigated in this study. 

In general the fluid which might be 
considered to be an exudate had higher 
specific gravity than tlie transudates, 
but the values overlapped considerably. 
Specific gravity correlated fairly closely 
with the concentration of the protein 
in the fluid in most cases, hut tlie 
correlation was not as close as had 
been reported by others. Knowledge 
of the specific gravity of a serous 
fluid was probably of as much value 
diagnostically as that of the protein 
content. 

A large cell pack suggested the pres- 
ence of malignant disease with in- 
volvement of the serous surface, but 
a small cell pack was of no signifi- 
cance in diagnosis. 

Knowledge of the nonprotein nitro- 
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gen and chloride was of no value in 
determining the cause of serous effu- 
sions. 

Differential counts were too variable 
to be of diagnostic value. 

MaUgnant disease can cause the 
formation of serous effusions without 
involvement of the serous surface by 
tumor cells. 

TABLE 1 

CELLULAR CHARACTERISTICS OF 
THE FLUID 

Malignant disease Possible Non- 
malig- malig- 



Case 

Specimens 

nant 

disease 

nant 

disease 

Cases 

46 


4 

42 

Specimens -. . . . 
Malignant cells 
in contact 


53 

4 

46 

with serosa .... 
Diagnosis of ma- 
lignant disease 
made on basis of 

34 

40 

0 

0 

fluid examination 

19 

20 

0 

1 

Mitotic figures . 
Large, prominent 

11 

11 

0 

1 

nucleoli 

22 

24 

0 

0 

Eccentric nuclei 

17 

17 

2 

20 

Signet-ring cells 

25 

27 

1 

8 

Clumping of cells 

12 

12 

2 

14 

Formed acini . 
Multinucleated 

10 

11 

0 

0 

cells 

28 

29 

4 

8 


REFERENCES 

1. Bahrenburg: Quoted by Jeter, H., Epps, C., and Hart, M. S.’" 

2. Beale, L. S.; Ibid. 

3. Berliner, K.: Ann. Int. Med., 14, 2266, 1941. 

4. Bezangon, F., Weil., M.-P., and Guillaumin, Ch.-O.: Ann. de med., 21, 316, 1927. 

5. Blankenhom, M. A.: Tr. A. Am. Physicians, 38, 230, 1923. 

6. Bock, E.: Klin. Wchnschr., 4, 651, 1925. 

7. Bodansky, M., and Bodansky, O.: Biochemistry of disease. Pp. 97, 98. New York, Tlie 
Macmillan Company, 1940. 

8. Boyd, W.: A Textbook of Pathology, 2nd ed. P. 606, Philadelphia, Lea & Febiger, 1934. 

9. Dock, G.: Am. J. Med. Sci., 113, 655, 1897. 

10. Eisenherg, A. A., Wallerslein, H., and Plato, A.: J. Lab. and Clin. Med., 19, 315, 1933. 

11. Foord, A. G., Youngberg, G. E., and Wetmore, V.: J. Lab. and Clin. Med., 14, 417, 1929. 

12. Foot, N. G.: Am. J. Path., 13, 1, 1937. 

13. Goldman, A.: Arch. Surg., 19, 1672, 1929. 

14. Gorecki, Z.: Re%'. de med., Paris, 41, 470, 1924. 

15. Graham, G. S.: Am. J. Path., (Suppl.) 9, 701, 1933. 

16. Graham, G. S., and Stockton, N. F.: South. M. J., 22, 820, 1929. 

17. Guttman, P. H., and Halpem, S.: Am. J. Cancer, 25, 802, 1935. 

18. Hodgman, C. D.: Handbook of chemistry and physics, 29tli ed., Pp. 18-193, Cleve- 
land, Chemical Rubber Co., 1945. 

19. Jeter, H., Epps, C., and Hart, M. S.: South. M. J., 35, 519, 1942. 

20. Karp, H.: Ztschr. f. Krebsforsch., 36, 579, 1932. 

21. MacCarty, W. C.: Arch. Clin. Cancer Res., 1, 11, 1925. 

22. MacCarty, W. C.: J. Lab. and Clin. Med., 13, 354, 1927. 

23. MacCartj’, W. C.: j. Cancer Res., 13, 167, 1929. 



12S 


PHILLIPS, MCDONALD: 


24. MacCarfy, W. C.: Proc. Staff Meet., Mayo Clin., 10, 361, 1935. 

25. MacCart>', W. C.: Am. J. Cancer, 26, 529, 1936. 

28. ^IacCart>t, W. C., and Haumeder, Eva; Ibid., 20, 403, 1934. 

27. MacCartv, W. C., Haumeder, Eva, and Berkson, J.: Proc. Staff Meet., Mayo Clin., 8, 
38, 1933. 

28. McDonald, J. R., and Broders, A. C.: Arch, Path.. 27, 53, 1939. 

29. Macintosh, O. C.: J. Tech. Methods, 22, 97, 1942. 

30. Mandlebaum, F. S.: Proc. New York Path. Soc., 1899-1900, p. 178. 

31. Mandlebaum, F. S.: J. Lab. and Clin. Med., 2, 580, 1917. 

32. Massini, R.: Schweiz, med. Wclinschr., 73, 903, 1943. 

33. Meigs, J. V.: Fibroma of the ovaries with ascites and hydrothora.v (a new syndrome). 
In Lahey, F. H.: Frank Howard Lahey birthday vol., June 1st 1940, Pp. 331-338, Spring- 
field, 111., Charles C Thomas, 1940. 

34. Menkin, V.: Am. J. Path., 10, 193, 1934. 

35. Merklen, P., Waitz, R., and Kabakera, J.: Presse med., 36, 1828, 1933. 

36. Millzner, R. J.; Calif, and West. Med., 36, 183, 1932. 

37. Moore, N .S., and Van Slyke, D. D.: J. Clin. Investigation, 8, 337, 1930. 

38. Naidu, V. R.: Proc. Staff Meet., Mayo Clin., 10, 356, 1935. 

39. Norris, G. W., and Landis, H, R. M.: Diseases of the chest, 6th ed. pp. 734-736, Phil- 
adelphia, W. B. Saunders, 1938. 

40. Paddock, F. K.: Am. J. Med. Sci., 201, 569, 1941. 

41. Pinner, hi., and Moerke, G.'. Am. Rev. Tuberc., 22, 121, 1930. 

42. Quensel, U.: Acta, med. Scandinav., 68, 427, 1928. 

43. Quensel, U.: Acta. med. Scandinav., 68, 458, 1928. 

44. Quincke, H.: Quoted by Jeter, H., Epps, C., and Hart, M, S.” 

45. Quincke, H.; Quoted by McDonald, J, R., and Broders, A. C.*® 

46. Rider, P. R.: An introduction to modem statistical methods, pp. 18-20, New York, 
John Wiley & Sons, 1939. 

47. Rubin, I. C., Novak, J,, and Squire, J. J.; Am. J. Obst. and Gynec., 48, 601, 1944. 

48. Schlcsingcr, M. J.: Arch. Path., 28,283, 1939. 

49. Scecof, D, P., and Boetsch, N.: Proc. New York Path. Soc., 24, 2, 1924. 

50. Steiner, W, R.: Bull. Johns Hopkins Hosp., 12, 310, 1901. 

51. Tannhauser, S.: Arch. Path., 32, 450, 1941. 

52. Tinney, W. S., and Olsen, A. M.: J, Thoracic Surg., 14, 248, 1945. 

53. Todd, J. C., and Sanford, A. H.: Clinical diagnosis by laboratory methods, 9th ed, pp. 
.557-561. Philadelphia, W. B. Saunders, 1939. 

54. Venable, D. R.: South. M. J., 36, 175, 1943. 

55. Warren, L. F.: Arch. Int. Med., 8, 648. 1911. 

56. Wccch, A. A., Reeves, E. B., and Goettsch, E.: J. Biol. Chem., 113, 167, 1936. 

57. Zadek, I., and Karp, H.: Deutsche med. Wchnschr., 58, 1043, 1932, 

58. ZemanskT, A. P., Jr.: Am. J. Med. Sci., 175, 498, 1928. 



THE USE OF RADIOACTIVE IODINE IN THE 
DIAGNOSIS OF THYROID DISEASE 


By SERGEI FEITELBERG M.D. 

PHYSICIST TO THE HOSPITAL 

PAUL E. KAUNITZ M.D. 

SARAH WELT FELLOW 

LOUIS R. WASSERMAN M.D. 

ADJUNCT PHYSICIAN FOR PHYSIOLOGICAL HEMATOLOGY 

and 

STEPHEN B. YOHALEM M.D. 

ELSA AND WILLIAM MENKE FELLOW 

NEW YORK, NEW YORK 

(From The Physics Department of The Mount Sinai Hospital.) 


Radioactive iodine when adminis- 
tered by mouth or by vein is concen- 
trated selectively by thyroid tissue.^ 
The use of the Geiger-Muller tube 
after the administration of radioiodine 
for localization of functional thyroid 
tissue, indigenous or metastatic, has 
become a generally accepted proce- 
dure. When metastases are present 
at a distance from the neck, simple de- 
tection of the focus of radioactivity 


only when the source is located with- 
in a relatively small angle in front of 
the tube. We have used this device in 
order to obtain a graphic representa- 
tion of the distribution of thyroid tis- 
sue. When correlated with physical 
examination, this method permits 
greater accuracy in diagnosis. Sixty 
patients witli a variety of affections 
of the thyroid were studied. In this 
report results with representative types 


GEIGER-MULLER TUBE 


LEAD 



INCHES 


Fig. 1.— Diagram of the collimated Geiger-Muller tube. 


has been sufficient for the conclusion 
that functional thyroid cancer is pres- 
ent. When it is necessary to obtain 
information about the distribution of 
tliyroid tissue in or near the gland 
itself, a more exact technique is re- 
quired. The ordinary Geiger-Muller 
tube has a large acceptance angle. 
Marinelli^ has introduced a collimated 
Geiger-Muller tube (enclosed in a lead 
tube) which responds to radiation 


of diseases are presented. 

Studies were made 1 to 2 days after 
the oral administration of I^®^. Meas- 
urements were done witli a Sylvania 
gamma counting Geiger-Muller tube 
enclosed in an open ended lead tube 
of 1" inner diameter made with a 
wall thickness (Fig. 1). The whole 
assembly was supported on a portable 
X-ray tube stand. The “resolving 
power” of the collimating tube was 

(129) 
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checked with two caps, “4" in diam- 
eter, containing the same amount of 
There was a distinct dip in the 
profile when the centers of the caps 
were V apart. 

The tube was first approximated to 
die skin at the level of the thyroid 
isthmus in the midiine and the num- 
ber of counts per second determined 
for a period of about 60 seconds (128 
to 4096 counts). The tube was tlien 
mo\'ed laterally and measurements 
made at inter\'als wthout chang- 
ing tlie level of the tube. Counts 
per second were plotted against dis- 
tance from midline. We wnW refer to 
these graphs as “horizontal profiles.” 


53 year old Puerto Rican woman was 
admitted to the hospital with a 10 month 
history of swelling of tlie neck, dyspnea, 
palpitation, 60 pound weight loss, nerr'ous- 
ness, and sweating. Physical e.vamination 
revealed a thin nerrous female with a 
diffusely and symmetrically enlarged diy- 
roid estimated to weigh about 100 grams. 
The basal metabolic rate was plus 64%. 
After administration of 0.1 me. of 
a horizontal profile was determined (Fig. 
2 ). 

Tire profile is symmetrical. This 
has been seen in hj'perplastic tliyroids 
and in normals. The apex of the tri- 
angle is occasionally flattened and 
broadened when the lateral lobes are 
greatly enlarged. 



Fig. 2.— Horizontal profile in Case 1, diffuse th>Toid hjpeipJasia. 


\ ertical profiles” w'ere obtained in a 
similar way. The tube was mosed 
along tlie midline or parallel to it, and 
the counts per second were plotted 
against distance from tlie vertex of tlie 
skull (in inches). In taking the verti- 
cal profiles, tlie tube was approximated 
to the skin in each position. In ad- 
dition to the.se studies, surveys of the 
limbs and pehis for metastases were 
made routinely but were not plotted. 

Typical curves in 7 representative 
cases are jiresented below, with brief 
clinical abstracts. 

Case 1: j.r. Diffu.se toxic goiter. This 


Case 2; I.M. Aberrant lingual thyroid. 
This 20 year old girl was admitted with 
a cliief complaint of difficulty in swallow- 
ing. Eight years prior to admission simi- 
lar dysphagia had caused her admission 
to another hospital where a growth at the 
base of tlie tongue was e.xcised. Five 
years prior to admission, the symptoms, 
which liad been relieved, began to recur 
and increased in severity until admission. 
There were no symptoms suggesting hyper- 
tluTOidism. Plu’sical e.vamination revealed 
a red, firm, nontendcr mass 1 " in dia- 
meter at the base of the tongue in the 
region of the foramen caecum. The thy- 
roid was not palpable in the neck. The 
basal metabolic rate was plus 3%. X-ray 
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of tlie chest was normal. After admini- 
stration of 0.5 me. of a vertical mid- 
line profile was determined (Fig. 3). The 
horizontal profile was symmetrical as in 
Case 1. 

The apex of this profile is at the 
level of the tongue (9" below the ver- 
tex), as compared to a normal profile, 
widi the apex at tire level of the 
cricoid (12" below the vertex). This 
demonstrates the presence of function- 
ing thyroid tissue at the level of the 


tongue. The absence of an increase of 
counts at the level of the neck shows 
the absence of a functional thyroid 
gland in the usual position. The pre- 
operative diagnosis of aberrant lingual 
thyroid gland was made; in the ab- 
sence of a normal tliyroid, operation 
was not advised.. Biopsy showed 
lingual mucosa with subjacent thyroid 
tissue, microscopically and on auto- 
radiographs. 

Case 3: D.T. Nontoxic thyroid adeno- 



Fig. 3.— Vertical profile in Case 2, lingual thyroid. Solid circles are the record of the patient. 
The open circles are tire profile of a normal patient. 
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Fig. 4.— Horizontal profile in Case 3, nontoxic thyroid adenoma of the right lobe. Tlie open 
circles are tlie preoperative profile; tlie closed, tlie postoperative. 
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ma. This 25 year old female was ad- 
mitted with 4 month history of gradual 
swelling of the neck. There was no pain. 
There were no simiptoms of thyroid toxi- 
citt’. Physical examination showed no 
abnormality other than a palpable nodule, 
plum sized, in the right lobe of the thy- 
roid gland. The basal metabolic rate 
was plus 1%. The -patient received 0.5 
me. of 1^=^ and a horizontal profile was 
determined (Fig. 4). The mass was re- 
sected by subtotal right hemithyroid- 
ectomy and the diagnosis confirmed. 

The preoperative profile shows the 
maximum radiation to the right of 
the midline. The area under tire curve 
to the right of tire midline is notice- 


soft above and firm below. This mass 
moved wth swallowing and was not fixed 
to the sldn or underlying tissue. The 
basal metabolic rate was plus 3^. After 
administration of 0.4 me. of a 

horizontal profile was recorded (Fig. 5). 
The preoperative clinical diagnosis was 
thyroid adenoma or carcinoma; it was 
surmised that hemorrhage might be re- 
sponsible for the sudden pain and swell- 
ing. At operation, hemorrhage into a 
colloid cyst was found. The lesion was 
removed. There was no evidence of 
malignancy. 

The profile shows maximum radia- 
tion % to V to the left of the midline 
on the side opposite to the palpable 



ably greater than that on tlie left; this 
corresponds to the physical findings. 
Postoperative profile showed the re- 
mo\'al of most of tlie right lobe; almost 
all tlie uptake on that side had dis- 
appeared. 

Case 4: B.C. Colloid cyst of the thy- 
roid. This 65 year old female presented 
herself with a two week histoiy of pain 
in the riglit side of the neck. The pain 
had appeared suddenly on awakening and 
had maintained an aching character for 
most of the .subsequent period. The pa- 
tient obsers ed a mass develop in the right 
side of the neck. There were no symptoms 
of hyperthyroidism or of hypothroidism. 
There was no recent weight loss or loss 
of appetite. In the right side of the neck 
there w.is a peach-sized mass which was 


mass. This suggests, in contrast to 
Case 3, that the mass was not com- 
posed of functioning thjToid tissue. 
Similar findings have been observed 
in other cases of colloid cyst and also 
in cases of anaplastic carcinoma. 

Case 5: M.S. Aberrant thyroid. This 
26 year old woman had noted gradual 
swelling of the right side of the neck for 
three months prior to admission. There 
were no metabolic disturbances. At an- 
other hospital tissue was obtained by 
aspiration and was reported as papillarj’ 
carcinoma of the tlijoroid. Physical ex- 
amination revealed a smooth, freely move- 
able thyroid gland of approximately nor- 
mal size. In the right cetv'ical region, 
under the stemomastoid muscle, there were 
two firm masse.s each about 1" in diameter. 
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No other nodes were palpable. The basal 
metabolic rate was minus 9%. 0.5 me. 

of was administered and a horizontal 
profile recorded (Fig. 6). Studies over 
the remainder of the body revealed no 
radioactive foci. A right radical neck dis- 
section was performed with right hemithy- 
roidectomy and subtotal left hemithyroid- 
ectomy. Three retrosternomastoid nodes 
replaced by aben-ant papillary adenoma 
of the thyroid were reported. The thy- 
roid tissue was not abnormal. Radio- 
autograph of the nodes showed uptake 
of I^3i. 

The preoperative profile shows a 
marked maximum to the right of the 
midline. In view of tlie antecedent 
biopsy fliis was considered indicative 
of metabolically functional carcinoma. 
The postoperative profile is consistent 


with complete removal of functional 
tissue from the right side of the neck. 
Similar curves have been found in 
cases of functional unilateral car- 
cinoma. It is planned to repeat tlie 
profile at intervals of 3 months to 
detect any recurrent growth of thyroid 
tissue on the left. 

Case 6: E.C. Recurrent carcinoma of 
the thyroid. This 37 year old male was 
well until 1940 when a painless lump in 
the right side of the neck developed. 
This was biopsied; radiotherapy given for 
the next three years. The pathologic 
report is not available. In 1943 a right 
radical neck dissection was performed. 
Papillary carcinoma of the thyroid was 
found. Recurrent masses were resected 
in 1944 and in 1945. Typical diabetes 
mellitus developed in 1947. Within the 
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Fig. 6.— Horizontal profile in Case 5, lateral aberrant thyroid. The open circles are the pre- 
operative profile; the closed, the postoperative. 
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Fig. 7.— Horizontal profile in Case 6, papillarj' carcinoma of tlie thyroid with recurrence after 

right radical neck dissection. 
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few weeks prior to admission the patient 
noted the onset of dyspnea and produc- 
tive cough. Considerable swelling de- 
veloped at the right side of the neck. 
Physical e.vamination re\'ealed stony nodu- 
lar masses 1" to 2" in diameter fixed 
to the deeper structures of the neck 
bilaterally. The right upper lobe of the 
lung presented signs of atelectasis. Roent- 
gen e.\amination confirmed this impression 
and bronchoscopy revealed metastatic thy- 
roid tissue occluding the bronchus. The 
liver was palpable 3 fingers below the 
costal margin and was very nodular. After 
the administration of 3.0 me. of 
profile studies were done (Fig. 7). The 
patient left the hospital against advice 
without further treatment or study. 

The profile showed no measurable 
uptake of iodine on the operated right 
side; the curve is characteristic of 
unilateral radical dissection of the neck. 


This finding despite the palpable masses 
on this side led to the conclusion that 
the tumor was devoid of metaboh'c 
activity. Measurements over the chest 
and liver were at background level 
and supported this conclusion. 

Case 7: A.F. Metastatic carcinoma of 
the thjToid. This 60 year old German 
bom woman presented herself in May 
1947 with knoum goiter of at least 30 
years’ duration. There were no toxic 
sjTnptoms but local pressure had recently 
increased. The thyroid was nodular. The 
basal metabolic rate was plus 19%. Sub- 
total thyroidectomy was performed .and 
primary adenocarcinoma was discovered in 
one of the goitrous nodules. Three months 
postoperatively, a mass, 1 inch in diameter, 
developed at the insertion of the right 
stemomastoid muscles behind the clav’iele. 
Roentgen films of the chest revealed 3 
large pulmonar>' infiltrations considered 
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I'll*. 8.— Horizontal profiles at various levels in Case 7, adenocarcinoma of the tli>Toid. The 
diagram represents the location of nodular metastases as demonstrated by Roentgen-ray. 
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l ig. 9.— Vertical profiles in various planes. Case 7. 
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indicative of metastatic tumor. The pa- 
tient remained asymptomatic. She was 
referred to this department where 3.0 me 
of was administered. Horizontal and 
vertical profiles were recorded (Figs. 8,9). 
Since the tumor exhibits distinct metabolic 
activity, for the metastases take up iodine, 
treatment has been instituted with repeated 
doses of 50 me. of P®^. 

In botli sets of profiles the nodular 
masses in the ehest are clearly demon- 
strated by local increases in radio- 
activity. From tliese a diagnosis of 
functioning thyroid metastases seems 
clear. Residual thyroid tissue in the 
neck is also demonstrated. The large 
tracer dose in this and the previous 
case was used in an attempt to insure 
uptake sufficient for detection of small 
metastatic masses situated deep in the 
chest. 

Discussion. The cases discussed 
show tliat systematic measurements of 
iodine uptake and plotting of “profile” 


curves not only demonstrate the pres- 
ence or absence of tliyroid tissue, but 
also give information about its relative 
size and distribution. However, ex- 
ternal measurements of radiation can- 
not be used definitively in the diagnosis 
of thyroid disease. Certainly in the 
neck, one cannot distinguish between 
colloid cyst and metabolically inactive 
carcinoma, nor between adenoma and 
active carcinoma. Furthermore, an in- 
active tumor surrounded by normal 
thyroid tissue may be confused witli 
an active one. The method is therefore 
valid only for preliminary studies and 
should be supplemented by biopsy and 
radioautograph. 

Summary: 1. A method for measur- 
ing and recording localized collections 
of administered radioisotopes is de- 
scribed. 

2. The use of the method in repre- 
sentative cases of thyroid disease is 
shown and the limitations are discussed. 
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ONE of the most disputed aspects of 
anaphylactic shock is tlie location of 
the antigen-antibody reaction. Two 
main tlieories have developed regard- 
ing tlie reaction site. The cellular 
theory states that the antigen combines 
with antibodies fixed to cells, while 
the humoral theory maintains that the 
reaction occurs with antibodies in the 
circulating blood. 

By using an antigen labeled x\atli 
radioactive iodine and employing tracer 
techniiiues, we have been able to locate 
significant antigen concentrations dur- 
ing anaphylactic shock. 

The finding of antigen localized in 
edematous bronchial fibrous tissue sug- 
gested our subsequent study to de- 
termine the relation of this localization 
to bronchial obstruction, which is such 
a striking feature in death of guinea 
pigs from anaphylactic shock. In tliis 
work we studied tlie stages in the 
development as well as the final picture 
of bronchial obstruction during shock 
and also the bronchial obstruction pro- 
duced by various pharmacological 
agents acting on smooth muscle. 


Materials and Methods. Antigen prep- 
aration. Partial iodination of bovine 
gamma globulinj- with radioactive 

isotope of iodine§, gives a stable, radio- 
active, antigenic compound. An alteration 
in the antigenic specificity’ of a completely 
iodinated protein has been described by 
Wormall,'^ but we found no change in 
antigenicity’ resulting from only partial 
iodination. 

A modification of the iodination tech- 
nique described by Fine and Seligman" 
was used. In preparing the iodine solu- 
tion, carrier iodine was used in addition 
to P®' to give color to the solutions and 
thereby facilitate extraction. To a sodium- 
iodide solution sufficient to give 1 mg. I" 
we added approximately 20 me. of carrier- 
free I“b then we added a few drops 
of hydrochloric acid and sodium nitrite 
to change the iodide to free iodine. The 
iodine wtis first extracted from this solution 
witli carbon tetrachloride, then in turn 
extracted from the carbon tetrachloride by 
the following alkaline protein solution: 
0.1 gm. of bovine gamma globulin dis- 
solved in a mixture of 1.8 cc. water and 
0.5 ce. 209 b sodium carbonate. The 
iodinated protein solution was dialyzed 
against cold running tap water for 48 to 
72 hours. Between 25^ and 30^ of 


• This work was done under Contract from the Office of Naval Research. 

> Roviiic K.mmra jitobidin Fraction II has a mol. wt. of approximately 150,000. It is horno- 
ceneous in clcclrophorctic behavior. The material used in these experiments was generously 
supplied by .Annniir and Company, Chemical Research and Development Department, Chicago, 
Illinois. 

I The radio.ictive iixiine used in tliis \s-ork was supplied by Oak Ridge Nalion.al Laboratories, 
0 . 1 k !Ud',:e, Tcnnc‘see. 
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the used was incorporated in the 
protein molecules, an average of 3 iodine 
atoms per molecule of protein. About 
5^0 of the iodine was lost in tlie two 
extractions and 65^ to 70^ failed to 
unite with the protein and was removed 
by dialysis. After 48 to 72 hours of 
dialysis, less than Ifo of the remaining 
iodine could be found in the protein-free 
filtrate. 

The iodine was tied to the tyrosine 
molecules in the two ortho positions rela- 
tive to the hydroxyl group. The stability 
of this chemical Hnkage was tested by 
Fine and Sehgman," who found that trypsin 
hydrolysis at 37 °C and pH 8 for 6 hours 
released only 4% of the from the 
protein. We found that after 24 hours 
at room temperature in aqueous solution 
at pH 10.5 only 0.5^ of the P^' was 
spht from tlie protein and at pH 5 only 
1.3^. Twenty-four hours in any of the 
organic substances used in tissue prepara- 
tion of autoradiograms (absolute alcohol, 
dioxane, ether, and paraffin) removed less 
than of the from the protein. 
Thus, it seemed to us safe to assume that 
the P®^ protein linkage was stable under 
the experimental conditions. 

Experimental Procedures. Twenty-six 
male guinea pigs weighing from 300 to 
350 gm. were used in prehminary antigen 
assays and antigen tracer experiments. 
Ten were used to determine the range of 
minimal lethal anaphylactic shock doses 
using non-radioactive iodinated protein 
prepared as described above without the 
addition of P®^. 

Nine were given sensitizing injections 
intraperitoneally consisting of 60 mg. of 
non-radioactive iodinated protein. After 
a period varying from 2 to 5 weeks, 
minimum lethal shock doses (from 2.5 mg. 
to 10 mg.) of radioactive iodinated protein 
were injected into the left femoral veins. 
Shock was fatal within 5 to 8 minutes to 
all but 2 pigs, which were killed by a 
blow to tlie head 8 minutes after injection. 

Seven non-sensitized control pigs were 
given intravenous injections of radioactive 
antigen (from 2.5 to 15 mg.) and killed by 
a blow to the head 8 minutes later. 

In order to study tlie mechanism of 
bronchial obstruction, we used 21 addi- 
tional guinea pigs. Ten were given sensi- 


tizing and shock injections as in the anti- 
gen tracer experiment above but were 
killed in various stages of shock from 1 
to 4 minutes after the injection of tlie 
shock dose. Six were injected intrave- 
nously with fatal doses from 0.2 to 0.5 
mg. of histamine. Five were given fatal 
intravenous injections of 0.1 mg. of Doryl. 

Our control animals were killed by 
either a blow to the head or by intraperi- 
toneal injection of nembutal. The cause 
of death did not affect the appearance 
of the lungs. 

Histologic study of all the animals was 
carried out with special emphasis on the 
site of antigen concentration and mecha- 
nism of bronchial obstruction. 

Two techniques were employed to locate 
the antigen within these guinea pigs. 
First, the amount of radioactivity per gram 
of blood, lung, liver, spleen, lymph node, 
striated muscle, kidney, tliyroid, brain, 
and testis was determined by use of a 
Geiger counter. Enor due to self-ab- 
sorption was eliminated by filtration 
equivalent to 1.75 mm. of aluminum cal- 
culated to stop all beta radiation from P^^ 
and allow only the gamma rays to be 
counted. Second, the histologic location 
of the antigen was determined by auto- 
radiograms made from the only two organs 
containing significant amounts of radio- 
activity: the lung and liver. Autoradio- 
grams were made according to Evans’** 
method, by slicing tissues at 0.2 cm., 
fixing in alcohol fonnalin, and blocking 
in paraffin in the routine manner. Sections 
were mounted on lantern slide photo- 
graphic plates, and allowed to expose in 
absolute darkness. Exposures varied ac- 
cording to the amount of radioactivity in 
the tissue and were calculated from Geiger 
counts of the sections. With filtration 
equivalent to 0.3 mm. of aluminum, sec- 
tions registering .05 to .1 /j.c. gave satis- 
factory exposures in 2 to 3 weeks. After 
exposure tlie paraffin was removed from 
the sections with xylol and the plates 
were developed according to the usual 
method. Finally tlie sections were stained 
with Harris hematoxylin and mounted. 

In an autoradiogram, radioactivity is 
evidenced by black granular silver de- 
posits (Figs. 1 and 2). The sections show 
fair histologic detail, although the gelatin 
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emulsion of the lantern slide stains lightl)% 
gi\'ing a blue background to the prepara- 
tion which makes photography difBcult. 

Observations. Using sensitizing in- 
traperitoneal injections of 60 mg. of 
non-radioacdve iodinated protein and 
a 2-week sensitization period, we found 
tlie range of minimum lethal intrave- 
nous anaphylactic shock doses to be 


between 2.5 mg. and 5 mg. iodinated 
protein. E.xtension of the sensitization 
period to 6 weeks did not change this 
minimum range significantly. 

The shock produced by this antigen 
was of die classic type. It began with 
sneezing and coughing, then develop- 
ment of a “lions mane,” respiratory 
difficulty, motor activity, convulsions, 



I'ig. 1.— Autoradiogram of a bronchus from a guinea pig djing in anaphylactic shock. The 
location of radioactive antigen is indicated by black granular silver deposit. The large blood 
vessel at left is filled with antigen. Antigen is also seen concentrated in tlie fibrous tissue 
around the bronchus. Tire smooth muscle immediately beneatli tlie mucosa is conspicuously 
lacking in activity. This prefiaration was exposed for 1 week. (X 50) 



Fig, 2.-Autoradiogram made from same block .as seen in Fig. 1. E.xposurc time of 3 svccks 
was Used to accentuate antigen concentrations. (X 50) 
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incontinence, and death within 5 to 
8 minutes. 

The autopsy radioactivity determina- 
tions of all the organs and tissues 
showed the greatest antigen concentra- 
tion to be in the blood. Approximately 
70% of the fatal shock dose of antigen 
injected into the sensitized animal was 
in the blood at time of death, about 
85% of the antigen injected into non- 
sensitized animals was in the blood 8 
minutes after the injection. Thi;i 
means, of course, that all tissues would 


small amounts of activity could be 
explained on the basis of contained 
blood. 

The activity concenti'ations for blood, 
lung, and liver are given in Table 1. 
For each animal the activity in 1 gm. of 
blood has arbitrarily been set at 100, 
in order to establish a base line for 
comparison, and the values for lungs 
and liver calculated accordingly. The 
activity concenti-ation in the lungs of 
animals dying in shock was about twice 
that in the lungs of the conti'ols. The 


TABLE 1. ACTIVITY DETERMINATIONS ON BLOOD, LUNG, AND LIVER BASED 

ON ACTIVITY PER GRAM OF TISSUE 

For each animal the activity of the blood is set at 100 and the activities of lung and liver 
are calculated accordingly. 


N on-Sensitized Control Guinea Pigs 
Protein 
Injected 

Animal (mg.) Blood Lung Liver 


Sensitized Guinea Pigs with Fatal Shock 

Protein 

Injected 

Animal (mg.) Blood Lung Liver 


120 

3.4 

100 

43 

40 

110 

7.5 

100 

57 

38 

I2I 

3.4 

100 

31 

50 

113 

10 

100 

87 

64 

128 

2.5 

100 

31 

36 

114 

2.8 

100 

69 

34 

129 

5. 

100 

37 

44 

115 

5 

100 

55 

24 

130 

2.5 

100 

31 

40 

122 

2.8 

100 

56 

37 

137 

15 

100 

28 

39 

123 

2.5 

100 

56 

36 

138 

10 

100 

33 

48 

124 

5 

100 

63 

37 


Average 

100 

33 

42 


Average 

100 

63 

39 


Sensitized Guinea Pigs xoith Non-Fatal Shock 


Protein 

Injected 

Animal (mg.) 

Blood 

Lung 

Liver 

Ill 5 

100 

22 

43 

117 2.5 

100 

22 

55 

Average 

100 

22 

49 


show some radioactivity because of the 
contained blood. Of all the tissues 
examined, only lung and liver showed 
significant concenti'ations of radioac- 
tivity. 

A significant part of the radioac- 
tivity in the liver and a smaller part of 
that in the lungs was due to the pres- 
ence of blood containing activity. 
However, since tliese organs contained 
a much greater activity concentration 
than other vascular organs, such as 
spleen and kidney, tliey also had a 
■specific uptake of antigen. The tissues 
other than lung and liver had only 
traces or, rarely, small measurable 
amounts of activity, up to 30% of the 
amount found in tlie liver. These 


livers of both groups, however, con- 
tained nearly equal concentrations of 
activity. The 2 sensitized pigs which 
in spite of apparently adequate shock 
doses did not have fatal shock, had 
only two -thirds tlie lung activity con- 
centration found in the controls and 
about one-third tliat found in their 
fatally shocked mates. The livers of 
these animals showed a shghtly higher 
activity concentration than tliose of 
other animals. 

Autoradiograms of lungs and livers 
of tliese non-sensitized controls and of 
the sensitized guinea pigs revealed 
several important findings. 

The lungs of tlie non-sensitized ani- 
mals showed considerable activity with- 
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in the blood vessels but no appreciable 
amount in the tissue. However, the 
lungs of the sensitized pigs dying in 
shock showed, in addition to the ac- 
ti\1ty within tlie blood vessels, a mark- 
ed concentration of acti\'ity in the 
fibrous tissue surrounding tlie bronchi 
and their accompanying x>ulmonaiy 
arteries (Figs. 1 and 2). 

Tlie heaviest concentrations of radio- 
actiw'ty were in the edematous, con- 
gested, fibrous tissue between the bron- 
chus and its accompanying artery and 
lietween the cartilaginous plates and 
smootli muscle sphincter of the bron- 
chus. The smooth muscle about the 
bronchi and about tlie vessels con- 
tained no activit>'. The submucosal 
tissues and die mucosa of the bronchi 
contained very little radioactivity. This 
concentration of radioacti\'ity had a 
somewhat irregular distribution, vary- 
ing in amount both in bronchi of the 
same size and in different levels of tlie 
same bronchus. Almost all of the 
actiiity was found around bronchi 
large enough to have cartilage in their 
walls and the size of tliese bronchi ap- 
peared to have little to do with the 
amount of antigen concentration. The 
smaller bronchioles without cartilage 
and with little surrounding fibrous tis- 
sue onh- rarely had concentration of 
radioactivity in their walls. There was 
no significant amount of actis'ity in the 
alveolar walls or interlobular septa. 

In the lungs of the 2 sensitized pigs 
which did not develop fatal shock 
there was no significant concentration 
of activity about tlie bronchi or else- 
where. 

The autoradiograms of the livers of 
both sensitized and non-sensitized ani- 
mals were essentially tlie same. Tliere 
\' as definite concentration of tlie radio- 
activity within the large blood vessels, 
but elsewliere there was more or less 
liomogoneotis scattering of less intense 
activity without any concentration in 
.any p.arfictilar part of the lobule or of 


the portal areas. There was a slight 
suggestion of concentration of the 
activity about the Kupffer cells, but 
accurate localization to such small 
structures was beyond the limitations 
of the technique. 

The histologic study of diese animals 
was directed primarily to the organs 
of antigen concentration: the lung and 
liver. The livers of control and shock- 
ed animals were indistinguishable. The 
lungs of these 2 groups, however, dif- 
fered in several ways. After opening 
the thorax, tire control lungs collapsed 
immediately to about Vi the volume 
of the thoracic cavity while the shocked 
lungs remained fully distended as a 
result of tlie bronchial obstruction. On 
microscopic examination of tlie lungs 
of the fatally shocked guinea pigs, the 
alveoli and the air passages extending 
proximally as far as the small bronchi 
with associated cartilage plates, were 
widely distended witli air. These same 
structures in normal, control lungs 
showed various degrees of collapse 
with consequent tliickening of alveolar 
walls. The lumen of the bronchial 
tree proximal to the termination of tlie 
cartilage plates was approximately tlie 
same in botli shocked and control pigs 
and therefore could not be accepted as 
a measure of tlie patency of tlie bron- 
chial tree during life (Figs, 3 and 4). 
The smooth muscle of both appeared 
similar and the mucosa was tlirown into 
tall folds which filled the lumen. 

Tliere was an important difference, 
however, behveen die peribronchial 
tissues of tlie shocked and control lungs. 
Tlie fibrous tissue which surrounded 
tlie bronclii and tlieir associated vessels 
and cartilage plates was normally a 
thin compact layer of collagenous fibers 
in which were found irregularly distri- 
buted small aggregates of lymphocytes 
and a network of inconspicuous capil- 
laries and ]}’niphatics (Fig. 3). In the 
shocked lungs, howei’er, tin's tissue was 
distended to 3 to 5 limes normal width 
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by intense edema in which were found the smaller divisions but were not 
enormously congested capillaries and entirely uniform throughout. The ratio 
lymphatics and a few scattered lympho- of amount of edema fluid to bronchial 
cytes (Fig. 4). The edema and con- diameter was greatest in tlie secondary 
gestion were present around all bronchi or medium-sized bronchi, 
with cartilage and occasionally around In the series of guinea pigs killed 



Fig. 3.— Medium-sized bronchus from normal control animal. The lumen is compromised 
by infoldings of mucous membrane. The fibrous tissue and vessels around the bronchus are 
inconspicuous. The cartilage plates are in close proximity to the smooth muscle coat. (X 115) 



Fig. 4.— Medium-sized bronchus from animal dying in anaphylactic shock. Note close re- 
semblance of lumen, mucous membrane, and smooth muscle to the structures seen in control. 
Fig. 3. The fibrous tissue is edematous and tlie blood vessels and lymphatics are congested. 
The cartilage plate is separated from smooth muscle coat by ^^^de zone of edema, (x 115) 
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at various stages in tlie development 
of anaphylactic shock, we traced tlie 
pulmonary changes from before tlie 
onset of dyspnea to tlie final stage de- 
scribed aboi e. Dyspnea appeared 1% 
to 2 minutes after injection of die shock 
dose. Up to this time and at the onset 
of dyspnea the lungs collapsed on 
opening the thorax as do normal lungs, 
but % to of a minute afterwards 
the lungs would no longer collapse on 
opening the thorax, altliough maximal 


but was seen around more of the bron- 
chi. One half to % of a minute follow- 
ing onset of shock there was a definite 
increase in the amount of edema and 
congestion, which progi-essed, and 2 
minutes after onset of dyspnea diere 
was Vz to die amount of edema seen 
in the pigs dying of shock. 

An interesting, but less easily evalu- 
ated, change was apparent in the 
smoodi muscle of the bronchi. Just 
before the onset of dj'-spnea, there were 



I'iK- 5.--.MccIium-sizcd bronclius of animal dying 5 minutes after administration of Doryl 
willi in.nrkcd bronchial obstruction. The lumen of tlie bronchus is very small and tlie smootli 
muscle coal is tliiek and appears contracted. There is little or no edema. {X 115) 


distention was not seen until after 1% 
to 2 minutes of dyspnea. Lungs were 
examined microscopically at the fol- 
lowing intcn'als; (1) 1 to US: min. after 
sliocking dose before onset of dyspnea; 
(2) Mi to 2 min. after shocking dose 
at onset of dyspnea; (3) 212 to 2Tt 
min. after shocking dose % to min. 
after onset of dyspnea, and (4) Sla to 
4 min. after shocking dose to 2 min. 
afti'r onset of dyspnea. 

The bronchial cimgesfion and edema 
pri-viotisly described liad already start- 
. ’ to form around some of the bronchi 
bi fore respiratory difficulty was ex’i- 
dent. Witlv the onset of dy.spnoa. the 
bronchia! edema was not more marked 


irregular thickenings and contraction 
bands in a few of the smooth muscle 
sphincters apparently representing a 
mild degree of contraction. The num- 
ber of bronchi thus involved increased 
and xvas at a maximum of a minute 
after dyspnea appeared. The number 
of bronchi with evidence of smootli 
muscle contraction was somewliat less 
2 minutes after tiie onset of dyspnea, 
and at time of death some 2 to 4 
minutes later tliere was no evidence 
of smooth muscle contraction. 

Both of tliese changes described 
above xvould presumably cause a pm* 
gressive rigiditx’ of the bronchus which 
xvould interfere with its function. 
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Effects of Pharmaceutical Bronchial 
Constrictors. Inti'avenous histamine in- 
jections produced shock similar to but 
more rapid than anaphylactic shock. 
The lungs from these animals dying 
2 to 4 minutes after histamine injec- 
tion were morphologically similar to 
those from cases of fatal anaphylactic 
shock. 

Of the various parasympathomimetic 
drugs used, pilocarpine, physostigmine, 
and Doryl, only Doryl produced suf- 
ficient- bronchial obstruction to keep 
the lungs distended after the thorax 
was opened. The degree of bronchial 
obstruction in these lungs was greater 
tlian that seen in anaphylactic shock 
and was caused solely by a marked 
contraction and thickening of the bron- 
chial smooth muscle coat (Fig. 5). 
There was no bronchial edema or con- 
gestion. The degree of smooth muscle 
conti'action in tliese lungs was much 
greater tlian that seen in the shocked 
pigs as indicated by markedly increased 
tliickening of the smooth muscle coat 
and more definite contraction bands. 

Comment. In anaphylactic shock 
caused by intravenous injection of mini- 
mal lethal shock doses of iodinated 
bovine gamma globulin, about 70% 
of the antigen is found in the blood at 
time of death. This represents an es- 
cape of twice as much antigen from 
the circulation as occurs in non-sen- 
sitized animals in the same time in- 
terval. 

There was a specific increase in an- 
tigen uptake in the lungs after sensiti- 
zation. Sensitized lungs took up twice 
as much antigen as conti'ol lungs in 
an equal time. The other organs and 
tissues did not show any change in 
affinity for antigen after sensitization. 
The antigen was found in the loose, 
edematous broncliial collagenous con- 
nective tissue. A part of the antigen 
found in tliis edematous region could 
be explained on a non-specific basis, 
due to protein containing fluid leak- 


ing from the blood vessels. How- 
ever, control studies with non-specific 
labeled proteins in the blood stream 
dm’ing anaphylactic shock indicated 
that such protein leakage in the ede- 
ma formation does not account for the 
entire antigen concentration around 
the bronchi. 

The antigen concentration and dis- 
ti'ibution and the histologic a^jpear- 
ance of the liver were the same in 
sensitized and control animals. This 
suggests a non-specific phagocytic re- 
action on the part of the liver since 
it was unchanged by sensitization or 
shock. 

We did not find satisfactory histo- 
logic evidence to support the usual 
assumption that bronchial obstruction 
in anaphylactic shock is due solely to 
smooth muscle conti'action. This as- 
sumption has been based largely on 2 
observations: first, the histologic ob- 
servation of bronchial stenosis in fa- 
tally shocked guinea pigs, which was 
interpreted as due to smooth muscle 
conti'action. In 1910 Auer and Lewis^ 
as well as Anderson and Schultz^ 
found fatal asphyxia in anaphylactic 
shock in guinea pigs, which tliey 
drought to be due to bronchial ob- 
sti'uction resulting from contraction of 
bronchial smoodr muscle. Schultz and 
Jordan,^® and Biedl and Kraus,^ noted 
no great difference between die bron- 
chial lumens and smoodr muscle of 
conti'ol and shocked lungs. But in 
spite of dris observation tirey, too, 
assumed tire broncliial obsti'uction in 
anaphylactic shock was due to smoodr 
muscle contraction. Although bron- 
chial edema was noted by some of 
tirese workers,^® it was not considered 
to conti'ibute to tire bronchial obstruc- 
tion. 

Second, tire fact tiiat bronchial ob- 
struction resulted from perfusion of 
partially and completely isolated sen- 
sitized lungs witii die specfic antigen,'* 
was interpreted in die light of the 



144 


WATiREX, DIXOX: AXTIGEX TRACER STUDIES 


Schultz-Dale phenomenon as being 
clue solely to smooth muscle contrac- 
tion. Such an interpretation is not, 
however, conclusive. 

Since the fatally shocked lungs 
had obvious bronchial obstruction, 
ec'idenced by their failure to collapse 
after opening the tliorax, one would 
expect their bronchi to be more con- 
stricted tlian those of normal lungs. 
Such, however, was not the case, and 
bronchi in botli fatally shocked and 
control lungs had approximately the 
same internal diameters, and appeared 
to be equally compromised by large 
infoldings of mucous membrane. It 
is clear therefore that the size of the 
bronchial lumen seen in microscopic 
sections cannot be accepted as a meas- 
ure of the patency of tlie bronchial 
tree during life. The smootli muscle 
in both types of lungs also appeared 
the same with no convincing evidence 
of contraction in tlie shocked lungs. 
There was, however, a significant dif- 
ference in the bronchial fibrous tissue, 
which in the controls was compact and 
inconspicuous but in the shocked 
animals was distended with edema to 
■3 to 5 times its normal thickness. It 
seemed probable that the extreme 
riuidity and associated compression of 
the bronchi caiused by the edema could 
account for most of the bronchial ob- 
struction evident in the shocked lungs. 

Study of the stages in the devel- 
opment of anaphylactic .shock showed 
e\ idence of smooth muscle contraction, 
thickening of the muscle and contrac- 
tion bands, only in the early stages, 
just preceding and for 2 minutes im- 
mediately following the onset of dysp- 
nea. .\t the time of death. 5 to 8 
minutes after antigen injection, there 
was no evidence of smooth muscle 
contraction. In more rapidly fatal 
anaphylactic shock produced liy egg 
albumin where death occurs in 2 to 
3 mimUes, bronchial edema similar 
to that described here is present, but 
thert- is also evidence of .smooth mus- 


cle contraction about tlie bronchi at 
time of deatli. These observations are 
supported by Manwaring’s work on 
anaphylactic shock in the dog.® He 
found that tlie smooth muscle of the 
uterus, bladder, and intestine began 
to contract 45 to 75 seconds after the 
shock injection. The contraction 
reached a maximum in 2 minutes, and 
then began to subside. Thus it would 
seem tliat smooth muscle contraction 
in anaphylactic shock might be tran- 
sitory, occurring in the first few min- 
utes of shock. If shock is fatal with- 
in diis, period, bronchial smooth mus- 
cle contraction as well as edema is 
evident. If, however, the shock is 
more prolonged, as in our e.xperiment, 
the degree of contraction of the smooth 
muscle diminishes and at time of deatli 
there may be no evidence of smootli 
muscle contraction. In such cases the 
bronchial edema is the only apparent 
explanation of the bronchial obstruc- 
tion. 

Bronchial edema in tlie guinea pigs 
began to form shortly before the onset 
of respiratory difficulty and increased 
progressive!)’, being extensive enough 
2 minutes later to account for a large 
part of the bronchial obstruction. At 
the time of death, this edema was suf- 
ficient to account for most, if not all, 
of the bronchial obstruction. 

Bronchial edema ivas noted by 
earlier workers’® and thought to be 
due to smootli muscle contraction. 
However, since no edema resulted 
from the marked bronchial smooth 
muscle contraction following the ad- 
ministration of Doryl, this conclusion 
does not appear entirely correct. In 
studying the anaphylactic reactions of 
isolated organs in the guinea pig and 
dog, Manwaring'' found much perivas- 
cular edema, and suggested that the 
resulting local tissue pressure might 
be a factor in increased perfusion re- 
sistance occurring in shock. He did 
not, however, suggest that this in- 
creased tissue pressure was a partici- 
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pating factor in bronchial obstruction. 

The concentration of antigen in the 
edematous regions suggests a causal re- 
lationship between the presence of 
antigen, or of the antigen-antibody 
reaction, and a change in vascular 
dynamics resulting in the formation of 
edema. 

Because of the antibody storing 
role of the lymphocytes found by 
Dougherty, Chase and White,® we paid 
special attention to the lymphoid tis- 
sue, especially that of the lung. How- 
ever, there was no evidence in our 
material that the lymphoid tissue takes 
any part in the localization of antigen. 

The findings in the 2 non-fatally 
shocked guinea pigs suggests a de- 
creased affinity on the part of the 
lungs for the antigen. The possibility 
of a hyposensitivity, or immunity, in 
tliese 2 animals would warrant further 
investigation. 

The exact relation between antigen 
concenti'ation and edema formation at 
this time cannot be determined. In- 
vestigations are under way now to 
study interim stages of tlie edema for- 
mation and antigen uptake in the bron- 
chial walls during anaphylactic shock 
and die effects of various shock pre- 
venting drugs on antigen localization 
and edema formation. 

Summary. 1. Significant amounts of 
labeled antigen were picked up only 
by liver and lung during anaphylactic 
shock. 

2. The amount of antigen taken up 


by and its histologic distribution in 
the liver was the same in sensitized and 
non-sensitized animals and therefore 
presumably not related to degree of 
sensitivity. 

3. The affinity for antigen on the 
part of sensitized lungs in fatal shock 
was about twice tliat seen in controls 
and therefore presumably a function 
of the sensitivity. 

4. The increased amount of anti- 
gen taken up by the sensitized lungs 
was found in the edematous bronchial 
fibrous tissue. 

5. We were unable to confirm the 
generally accepted assumption that 
bronchial obstruction of anaphylactic 
shock results solely from conti'action 
of bronchial smooth muscle. Only 
in the early stages of shock (witliin 
2 minutes after the onset of respira- 
tory distress) was there convincing mor- 
phologic evidence of smooth muscle 
conti'action; and even in these early 
stages tliere was already some edema 
formation. In the terminal stages of 
shock, the smooth muscle did not aji- 
pear contracted or otherwise abnor- 
mal, 

6. The bronchial edema which be- 
gan to form during the early stages 
of shock became massive in the ter- 
minal stages and at tliat time appeared 
to be the most important factor in the 
production of bronchial obsti'uction. 
Since this edematous zone was the site 
of antigen localization, it seemed pos- 
sible that the antigen-antibody reac- 
tion was related to tlie edema formation. 
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THE MORPHOLOGICAL BACKGROUNDS OF 
“GENUINE LIPOID NEPHROSIS” 
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(From the Laboratories, Pathological 

In a previous communication*® I 
Ried to show that tlie introduction of 
the concept of “neplirosis” by Miil- 
ler was an unfortunate one, since at 
present, students of renal disease are 
far apart in their interpretation of 
what is meant by this term. Tlus is 
manifest in the widely diverse classi- 
fications of the “nephroses.” 

One reason for tliis conclusion is 
due to tlie fact that tlie original meta- 
physical concept of Muller has been 
modified. Beginning as a degenera- 
tive and non-inflammatory parenchy- 
matous lesion, nephrosis has at various 
times been regarded as a series of 
widely unrelated morphological en- 
tities, and at other times a comjilex of 
clinical e.\pressions without a precise 
morphological background. 

After numerous vicissitudes the con- 
cept suggested by Epstein* was widely 
adopted, namely, that “nephrosis” was 
a malady characterized by albumin- 
uria, hypoproteinemia, hypercholeste- 
rinemia, double refractile lipoid drop- 
lets in the urine, secondary anemia, 
edema or anasarca with a low protein 
content in the e.xudate, normal renal 
function and a normal blood pressure, 
a lowered basal metabolic rate and an 
exceptional tolerance for thyroid prep- 
arations. The morphological back- 
ground was a ‘lipoid nephrosis.” Tin's 
i.s still termed the (rue or genuine 
iiephro.sis. Tin's concept was a direct 
challenge to pathologists and it did 
not take long to discover that such a 
clinical and morphological correlation 
obtained in only the rarest of instances, 
(It'D 


Department, the Mt. Sinai Hospital) 

and that in cases where the clinical 
e.xpression was classic, a “lipoid neph- 
rosis” was not found at post mortem, 
but usually a glomerulonephritis, less 
frequently an amyloid kidney, and 
rarely, tlie sclerotic kidney associated 
with hypertension. Nevertheless, de- 
spite the presence of glomeruloneph- 
ritis and amyloid deposits in these 
kidneys, the organ showed one of the 
morphological features of a “lipoid 
nephrosis,” namely lipoid deposition in 
the tubules and double refractive 
bodies in tlie urine. To reconcile these 
clinical and anatomical differences, 
tlie suffix “nephrotic syndrome” was 
added. In these cases it was correctly 
concluded that the h'peniia was re- 
sponsible for the lipoid deposition 
witliin the renal parenchyma, and tliat 
it was not a primary but a secondary 
event. Furthermore, it was soon dis- 
covered that many of the characteris- 
tic clinical features of a “lipoid neph- 
rosis” occurred in extra-renal condi- 
tions, such as protein starvation, war 
edema, hepatic cirrhosis, in slow pro- 
longed bleedings from whatever cause, 
in pernicious anema, in prolonged ul- 
cerative intestional lesions and in 
sprue; and even in these, the kidney 
at post-mortem sliowed a greater or 
le.sscr degree of lipoid deposition. The 
common denominator in all these con- 
ditions was a hypoproteinemia, the re- 
sult either of loss (albuminuria), defici- 
ent intake (liunger edema), failure of 
formation (liver cirrhosis), and prob- 
ably, deficient absorption (sprue). 
That an anatomically perfect “lipoid 
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nephrosis” may be tire result of an 
extr-arenal factor is illustrated in tire 
following case: 

Case 1. J. H. (adm. 379773) male, 
aged 43, was admitted to the first medi- 
cal service (Dr. George Baelrr) on Jan. 28, 
1933. Following pneumoiria, he devel- 
oped a persistent edema, first of the right 
leg, then of the left and finally of the ab- 
dominal wall. It was thought that the 
lower part of the inferior vena cava wa.s 
involved by a thrombophlebitis which 
had extended upward from the femoral 
veins. Later the phlebitic process ex- 
tended to the right jugular vein and to the 
axillary veins. He returned a year and 
a half later because of the persistent 
edema. The urine then showed 3 plus 
protein and granular casts. The blood 
pressure was 120 systolic and 75 diastolic. 
The blood ui'ea was 19 mgm. per 100 cc. 


The total blood i^rotein 5.2 gms. the 
blood cholesterol 734 mgm. per 100 c.c., 
the basal metabolic rate was minus 21%. 
It was thought that the patient had a 
subacute glomeralonephritis in tire nepliro- 
tic phase. In spite of diuretics the edema 
did not imj)rove. He was again dis- 
charged but returned tliree months later. 
The edema was very marked. The physi- 
cal findings were similar to those found 
on the previous admission. He developed 
erysipelas and died. 

Necropsy (no. 9587). Lipoid nephrosis, 
old thrombosis with recanalization of the 
inferior vena cava, renal, left adrenal, 
spermatic, common iliac, femoral and 
superior mesenteric veins. 

Microscopic findings: The kidney 

parenchyma showed extensive deposition 
of fat. The epithelium of the tubules was 
flattened and there were occasional areas 



Fig. 1.— Kidney from Case 1, appearing clinically as a “lipoid nephrosis” and found to be 
secondary to a tlirombophlebitis of tlie renal veins. 
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of round cell infiltration in the eortex; 
witli the exception of an occasional fib- 
rotic glomerulus, the glomeruli were in- 
tact. There was slight increase in the in- 
terstitial connective tissue and some con- 
gestion behveen the tubules (Fig. 1).* 

Epstein’s admirable contribution was 
tlie application of Starling’s'® law to 
the e.\planation of most of the clinical 
phenomena of “hpoid nephrosis.” His 
contention tliat tlie hypoproteinemia 
w’as the basic factor in the production 
of edema and anasarca has received 
full clinical and experimental confir- 
mation®’'’®. Tliis law also explains 
many of tlie edemas of extrarenal 
origin. Tlie mechanisms whereby a 
h)Tpoproteinemia may cause edema 
have been summarized in a previous 
paper”. 

That tlie lipemia bears some rela- 
tion to tlie hypoproteinemia is ac- 
knowdedged, tlie proof being that it 
has been experimentally produced by 
plasniophoresis, by bleeding and by 
o.xperimental protein starvation. The 
kidneys under such circumstances also 
revealing lipoid deposition. The pre- 
cise mechanism is not clear. There is 
a curious relation bebveen tlie hpemia 
and the lowered basal metabolic rate 
so uniformly foimd in hj'poprotein- 
emic states. I submitted ei'idence'" 
that the lowered metabolism in “neph- 
rotic states” could be explained by the 
edema which, acting as a suit of 
clothes, prevented the dissipation of 
heat from Uie body. In fact, it was 
shown that any integumentary tliick- 
ening was often accompanied by a low 
iiasal metabolic rate; for instance, 
iclliyosis, the edematous stage of 
scleroderma, certain cases of conges- 
tive failure without dyspnea or tachy- 
cardia and true my.\edema. In Uiese 
conditions, a lipemia as represented by 
a lupercholesterinemia was almost in- 
variably present. The lipemia ac- 
companying lowered metabolic rates 

*Tl>is case ssill shortly lie reported by Gt 
tliroinl>o-phlebitis mipnins.'' 


possesses all the ear marks of a com- 
pensatory phenomenon, but the pre- 
cise mechanism is unknown. The 
genesis of lipemia in “Hpoid neph- 
rosis” may be represented by tliis se- 
quence of events; hjqioproteinemia 
edema lowered basal meta- 
boHsm — ^ Hpemia (h)q)ercholesteri- 

nemia). 

'Tlie purpose of tliis discussion is to 
show tliat the Hpoid deposition in tlie 
renal parenchyma is secondary to tlie 
hyperlipemia and that therefore a “li- 
poid nephrosis,” in tlie anatomical 
sense, is not primary and tlierefore 
cannot be tlie background for the 
clinical manifestations, but rather, tliat 
it is tlie result of physico-chemical me- 
chanisms sequential to a hypopro- 
teinemia. 

Divorced of a consistent morpholog- 
ical background, “Hpoid nephrosis” 
loses its status as a disease, and is rele- 
gated to being a sjmdrome comprising 
cHnical phenomena which may be 
both renal or extrarenal in origin. 

Even as a clinical entity, “Hpoid 
nephrosis” has been shown to lack the 
sharp differentiation from glomerulo- 
nephritis tliat its sponsors formerly con- 
tended. This has come about through 
the biological study of tlie disease. It 
was held tliat “lipoid nephrosis dif- 
fered from glomerluonephritis in two 
particulars, first tliat hypertension was 
lacking and, second, that ‘lipoid neph- 
rosis” was not associated with renal 
insufficiency. A study of tlie biology 
of “Hpoid neplirosis” has amply showm 
by adequate follow up that an ap- 
preciable number of such cases develop 
botli hypertension and renal insuf- 
ficiency.®’®’'^’’® Tliis does not imply 
that a new' malady has been super- 
imposed, because at post-mortem the 
typical morphological evidences of 
glomerulonephritis w'cre found. 'The 
presence or absence of hypertension is 
3cr and Mosdi'kowilz in a paper on "visceral 
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important in the differentiation be- 
tween “lipoid neplnrosis” and glomeru- 
lonephritis; but whetlier it is present 
throughout tlie course of every glo- 
merulonephritis is an open question, 
because we are not always in a position 
to study every case throughout its 
life cycle. But tliat hypertension is 
lacking at some particular cross sec- 
tion of this cycle is a famihar observa- 
tion. The same reasoning applies to 
tlie presence or absence of renal in- 
sufficiency. In the final analysis, these 
differentials are subject to a time factor. 

Morbid Anatomy. The specificity of 
“Hpoid nephrosis” as a distinct disease 
has been based on the paucity or even 
absence of tlie productive morphologi- 
cal changes within the glomeruh con- 
ventionally viewed as characteristic of 
glomerulonephritis. In view of the 
close clinical mimicry between “Hpoid 
nephrosis” and the nephrotic form of 
glomeruloneplnritis, some have sus- 
pected tliat “lipoid neplirosis might be 
one of tlie anatomical results of a glo- 
merulonephritis. There has been much 
controversy about tlie interpretation of 
the glomerular changes that have been 
observed in “lipoid nephrosis” and 
pathologists found it difficult to under- 
stand how a lesion like glomerulone- 
phritis, so unmistakably of a produc- 
tive nature, could evolve into a lesion 
in which the changes in tlie glomeruli 
were so minimal or even absent. BelP 
revived the conti'oversy in 1929 and by 
employing die histological technique of 
Me Gregor he described in four cases 
of “Hpoid neplirosis” a thickening of 
the basement capillary membrane and 
a varying increase in the number and 
size of the glomerulai* endothelial cells. 
These lesions he interpreted as e\d- 
dences of a glomerulonephritis. Bell’s 
conclusions have been criticised on die 
ground that none of his four cases ap- 
peared to be unalloyed instances of 
pure clinical “Hpoid nephrosis.” Tlie 
entire problem depends upon whedier 


our knowledge of the evolution of the 
morbid anatomy of acute glomerulone- 
phritis is complete. We are well in- 
formed in die clinically progressive 
cases, whether or not associated widi 
a “nephrotic component,” but we are 
still unacquainted with die morphologi- 
cal appearance of such a kidney in ap- 
parently healed cases. Furthermore, 
clinicians have known of clinically es- 
tablished cases of acute glomerulo- 
nephritis diat lose their hypertension 
and renal insufficiency and pass into 
a subacute phase in which the only 
clinical evidence of a renal disorder is 
a proteinuria of a considerable degree; 
in time, such patients eventually devel- 
op the classical clinical manifestations 
of a “Hpoid nephrosis.” The clinical 
continuity does not again permit us to 
say that a new disease has been super- 
imposed. What lesions may we expect 
to find under such circumstances? Op- 
portunities to observe such a sequence 
of events and a post-mortem examina- 
tion come but rarely, and so we feel 
privileged to report such a case. 

Case 2. (Adm. 461645). R. H., age 
3 years, was first admitted to the Pediatric 
service (Dr. B. Schick) of the Mt. Sinai 
Hospital, December 3, 1939. She had 
been sick with fever and sore throat for 
a week, swelling of face and abdomen for 
2 days, and red urine for 1 day. There 
was moderate swelling of face and legs. 
The temperature was 103° F. but re- 
turned to normal the next day. There 
was evidence of receding tonsillitis. The 
blood pressure was 140 systolic and 100 
diastoHc; the blood urea nitrogen was 
8 mg. per 100 cc.; the serum protein was 
5.1 gm. %, of which the albumin fraction 
was 3.8 gm. The urine contained 

albumin 2 plus, red blood cells and few 
casts. On December 5, it was noted 
there was no gross blood in the urine. 
On discharge, December 19, 1939, al- 
bumin had disappeared from the urine. 

Second admission (March 12, 1940). 
Three weeks before admission generalized 
edema was noted. The blood pressure 
was 124 systolic and 90 diastolic; the 
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blood Tirea nitrogen 9 mg. per 100 cc.; 
the total serum protein 4.5 gm. ^o, of 
which the albumin fraction was 2.5 gm. 

and the cholesterol 550 mgm. per 100 
cc. During her stay in the hospital the 
edema persisted, the urinar>’ albumin was 
3 plus, the cholesterol was high, on one 
occasion attaining 1050 mg. per 100 cc. 
The blood pressure remained about the 
same. The patient was discharged August 
6, 1940. 

Third admission (August 25, 1941). 
No clinical improvement was noted during 
her home stay. The blood pressure was 
110 systolic and 85 diastolic. The semm 
protein was 3.3 gm. of which the 
albumin fraction was 1.5 gm. %. The 
blood chemistrj' w'as the same as on the 
last admission. The child had erysipelas 
hvice. She died of a pneumococcic 
peritonitis on January 12, 1941. The 


urine alwaj’s contained 4 plus albumin 
svith a few red blood cells and rare 
casts. Two weeks before deatli tlie blood 
urea nitrogen was 28 rag. per 100 cc. 

Necropsy (no. 11728). Microscopic ex- 
amination. The renal architecture of tlie 
kidney seems not to be profoundly dis- 
turbed; however, throughout tlie cortex 
one sees small foci of tubular atrophy with 
increased stroma and frequently one sees 
tlie stroma widened with infiltration by 
lymphocytes witli occasional polymorpho- 
nuclear leukocytes. 

The proximal convoluted tubules are 
quite distended and contain a consider- 
able amount of albumin. The epithelial 
cells generally show a good brush border 
and the cytoplasm is finely granular. The 
terminal portions of the convoluted tubules 
contains a large amount of pink granular 
material which is probably albumin. The 



Fir. 2,— Kidney from C.i-se 2. that clinically began as a glomerulonepbrilis and termed 
(■Iinicall>- as a "lipoid neplirosi'.," showing a glonuTiiliis partially adlierenl to tlie glomerular 
capsule. 
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epithelium in such portions shows vacuol- 
ization. Glomeruli: A superficial ex- 
amination of the glomeruli seems to indi- 
cate that they are not materially altered. 
However, if one examines more carefully, 
one finds certain changes affecting the 
majority. The lobulation of the tuft is 
exaggerated and the lobules appear rather 
plump. The basement membranes of the 
capillary loops are thick and there is fusion 
of such loops with each other and with 
the capsule. Some glomeruli show multi- 
plication of the capsule epithelium. The 
Bowman’s space contains only a small 
amount of albumin (Fig. 2). 

Epicrisis. While not completely 
satisfying the criterion of a time ana- 
tomical “lipoid nephrosis” in that most 
of the glomeruli show minimal changes, 
the kidneys correspond closely to those 
described by such ardent sponsors of 
the disease specificity as Fahr'’ and 
Munk^® even in regard to their focal 
distribution. In other respects the 
histological changes of the previous 
glomerulonephritis had completely re- 
solved. These kidneys, in other words, 
might be regarded as instances of 
“lipoid nephrosis,” provided we had 
not known that the patient had p)re- 
viously passed through a classical at- 
tack of glomerulonephritis. On his 
third admission, his hypertension had 
disappeared, so that had this patient 
been seen for the first time during his 
third admission, the diagnosis of “lipoid 
nephrosis” would have been justifiable. 

The succeeding case is presented 
because the sequence of clinical events 
was the reverse of the preceding. 

Case 3. S.M. (adm. 244959) male, aged 
8, was admitted to the Pediatrie service 
(Dr. B. Schick) of the Mt. Sinai Hospital 
for the first time on Nov. 20, 1921. He 
presented at that time a general anasai'ca 
of 6 weeks’ duration with a pronounced 
proteinuria and casts. The blood pres- 
sure was 100 systolic and 80 diastolic, the 
blood urea nitrogen vai'ied between 16 and 
19.6 mg. per 100 cc. The serum protein 
was 4.2 gm. per 100 c.c. and the blood 
cholesterol was 682 mg. per 100 cc. 


The basal metabolic rate was minus 30^. 
The diagnosis of “lipoid nephrosis” was 
made. Six months later he returned with 
glandular swelling of the neck, an en- 
larged spleen, slight fever and a lympho- 
cytosis. A diagnosis of infectious mono- 
nucleosis was made. The anasarca and 
the marked proteinuria was still present. 
The blood urea nitrogen was 14 mg. per 
100 cc., the blood cholesterol 630 mg. per 
100 cc., and tlie blood pressure was 105 
systolic and 60 diastolic. His tliird ad- 
mission occurred 15 months later for an 
upper respiratory infection. The blood 
pressure on this admission was 145-100 
mm. Hg. The blood urea nitrogen was 
30.8 mg. per 100 cc. The blood choles- 
terol was 356 mg. per 100 cc. About 9 
months later he was again admitted. Two 
days previously he had abdominal pain 
with vomiting. Aside from the general 
anasarca he had signs of peritonitis. The 
blood culture showed a pneumococcus 
type iii. There was fever up to 103° F. 
for 3 days after admission. The signs 
of peritonitis disappeared, but he devel- 
oped an abscess in the lumbar region 
which was incised. He remained in the 
hospital for over 5 months. The blood 
pressure varied between 90 and 124 sys- 
tolic and 50 to 80 mm. Hg. diastolic. 
On discharge it was 100 systolic and 70 
diastolic. The blood urea niti'ogen was 
30.8 mg. per 100 cc. on admission but 
thereafter it was normal. The blood cho- 
lesterol varied between 170 to 260 mg. per 
100 cc. The proteinuria had diminished 
appreciably during his stay, and tire ana- 
sarca disappeared. The basal metabolic 
rate was practically normal showing 33-35 
calories per kilo of body weight. The 
fifth and last admission occurred about 
5 months later (April 12, 1925) and about 
3% years after the first admission. Two 
days previously he had chills and high 
fever due to an extensive cellulitis of the 
thigh and abdominal wall. The blood 
culture showed pneumococci. There was 
general anasarca, a marked proteinuria 
and a blood cholesterol of 334 mg. per 
100 cc. The blood pressure was 100 
systolic and 60 diastolic. He died 3 
days later. 

Necrops)' findings. Microscopically, 
tliere is diSuse tubular degeneration with 
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abundant fat droplets in the epitheliuin. 
In numerous places these degenerated 
cells have undergone calcification. In a 
ver>' few areas, the capsule of Bowman 
is definitely thickened and the glomerular 
cusps are adherent. There are numerous 
areas of round cell infiltration of the 
cortex (Fig. 3). 

Epicrisis. This patient’s clinical 
manifestations at tlie first examination 
were those of a typical “hpoid neph- 
rosis.” Inasmuch as the reason for his 
entry was a generalized edema, the 
disease must have begun probably 
manj' months before. On his third 
admission, a definite hj'pertension was 
noted and the diagnosis of “fipoid 
nephrosis” was abandoned. A fluctua- 
ting but moderate systolic hyperten- 
sion persisted until his last entrj' and 


was associated wth a transient infec- 
tion; a moderate azotemia developed 
which later subsided. In the final 
admission, following a pneumococ- 
cemia, the blood pressure returned to 
normal, tlie anasarca and proteinuria 
was pronounced, tliere was a slight 
azotemia. In wew of tlie glomerular 
changes, however slight, one must con- 
clude that this patient suffered from a 
glomerulonephritis from the onset. 
The glomerular changes we have des- 
cribed are reported by such advocates 
of “lipoid nephrosis” as Fahr^ and 
Munk^^ as an anatomical entity and an 
integral part of tlie lesion of “lipoid 
neplirosis.” However, inasmuch as the 
precise changes are obsen^ed in occa- 
sional glomeruli in otherwise unmis- 
takable subacute and chronic glomeru- 



Fis. o.— Kichicy from C.isc .3, tli.nt heg.in clinically as a "lipoid neplirosis” and terminated 
.i< a ylornenilonepliritis showint; round cell infiltr.ition of the cortex and tliickeninc of an 
ixvasion.al clomendar capsule. 
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loneplii'itis, it is fair to jiresume that 
this viewpoint is arbiti'ary. 

These two cases of glomeruloneph- 
ritis with minimal glomerular changes 
and masquerading clinically as “lipoid 
nephrosis” suggest the possibility that 
a glomerulonephritis may anatomically 
resolve, leaving the glomeruli intact. 
The following is such a case: . 

Case 4. (adm. 305675) S.L.T. male, 
aged 2^/^ years, was admitted to the Pedi- 
atric service of the Mt. Sinai Hospital -(Dr. 
B. Schick) on August 14, 1929. There 


mm. Hg. The blood urea nitrogen levels 
remained within the range of normal the 
highest being 14.0 mg. per 100 cc. 

Necropsy (no. 6909): Microscopic ex- 
amination. The glomeruli are normal. 
The cytoplasm of the tubules is swollen 
and show numerous vacuoles. With the 
microscopic polaroscope many double re- 
fractile bodies are visible in the cytoplasm 
of the tubules and also in the interstitial 
cells of the kidney. With the fat stain, 
there are deposits mainly in the tubules 
and a few in the interstitial tissue (Fig. 

4). 



Fig. 4.— Glomerulus from Case 4, that clinically was a glomerular nephritis but anatomically 
the organ revealed a “lipoid nephrosis.” The glomerular endothelium is swollen and filled 
with fat granules but there is no proliferation. 


was swelling of the eyelids and face which 
began 3 months ago. The urine showed 
a marked proteinuria and some casts. 
The blood pressure was 100 systolic and 
60 diastolic. The P.S.P. showed an excre- 
tion of 43</o in two hours. The blood 
urea nitrogen was 10.0 mg. per 100 cc., the 
blood cholesterol was 346 mg. per 100 
cc. The total blood protein on one 
determination was 7.08 gm. %, one week 
later it was 5.4 gm. ^ and a few days 
before death it was 3.55 gm. %. After 

2 weeks the edema subsided. Four weeks 
later he developed a pneumococcus pneu- 
monia followed by a peritonitis. He died 

3 days later. The blood pressure was 
within the range of normal during most 
of his stay, but at times it reached 130-90 


Epicrisis. In the past 25 years, this 
is the first of the only two cases of true 
or genuine anatomical “lipoid neph- 
rosis” tliat have come to post-mortem 
examination in the Mt. Sinai Hospital. 
Even here the question arises whether 
tliis patient had a previous glomerulo- 
neplu'itis or not. If even a ti'ansient 
hypertension in tlie course of the ill- 
ness of the slight degree mentioned 
above may be wewed as a distinguish- 
ing mark of a glomerulonephritis, we 
would be forced to conclude that an 
acute glomerulonepliritis preceded the 
morphological picture of a “lipoid 
nephrosis.” Nevertheless despite the 
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normal appearance of the glomeruli 
with our modem rm'croscopic tech- 
nique, tlieir capillary membranes pos- 
sessed a pronounced permeability for 
protein. The important light that this 
case tlirows upon the evolution of glo- 
merulonephritis is this; that an acute 
glomemlonephritis may apparently re- 
solve completely in tlie histological 
sense, although tlie clinical manifesta- 
tions pursue their course. 


1928. SLx and one half months prior to 
admission he had been given antilueb'c 
treatment for a 4 plus Wassermann reac- 
tion. During this period his urine v'as albu- 
min free. One week after the last mercur)' 
injection he de\'eloped sore gums and a 
generalized anasarca. The Wassermann 
test was now negative. His blood pres- 
sure was 100 systolic and 64 diastolic. 
The urine showed protein in large 
amounts, hyaline and granular casts and 
doubly refractive lipoid bodies. The blood 


Fig. 5.— Intact glomerulus from a man aged 43 wlio developed the tsiiical clinical and 
anafomic.al manifestations of lipoid nephrosis, soon after a course of tre.atmcnt for syphilis. 



The second case of pure “lipoid 
nephrosis” is iiresenlcd not only be- 
cause hs perlension was absent through- 
out the period of ohsers'alion, but also 
because of (he prcsumabl)' syphilitic 
origin of the disease. 

Case fi. fndm. 2S7ol3) A.M. m.alc, 
.aged 48, was admitted to the second 
medical sersice (Dr, B. S. Oppenheimer) 
nf the Mt. .Sinai Hospital Jauuars' 18. 


urea nitrogen was 20.0 mg. per 100 cc., the 
cholesterol 600 mg. per 100 cc., and 
the total senim protein was 7.0 gms. 
The diagnosis of “lipoid nephrosis” was 
made and he was given vigorous antilucfic 
treatment with neosalvarsan and bismo- 
genol. Despite this, the anasarca became 
progressive. To relieve tlie e.xtrcmc edema 
of the legs, Southey tubes were inserted. 
Eventually he developed crj'sipelas and 
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he died a little less than a month after 
admission. 

Necropsy (no. 6088): Microscopic ex- 
amination. The glomeruli are entirely 
normal with the exception of a sporadic 
fibrous glomerulus. In not a single 
glomerulus is there any prohferation of 
the capsular or capillary endothelium, and 
the capillaries are everywhere patent. The 
capillary walls are thin. The epithelium 


after extensive mercurial stomatitis sug- 
gests the necrotizing nephrosis of mer- 
cury poisoning, rendering tlie capsules 
of Bowman permeable to protein. 
There is no factual evidence tliat 
syphilis is the cause of a “lipoid neph- 
rosis.” 

Comment, It is apparent that om' 
knowledge of tire histomorphological 



Fig. 6.— Tubules from same case as Fig. 5, showing basal vacuolization of tlie protoplasm 
and hyaline droplet degeneration toward tlie lumen. 


of the convoluted tubules is swollen, 
contains large granules, and there are 
many doubly refractive fat droplets par- 
ticularly near the basement membrane. 
In occasional tubules, honeycombed des- 
quamated epithelial cells lie witliin the 
lumen (Figs. 5 and 6). 

Epicrisis. It is difficult to appraise 
this case. The absence of albuminuria 
only a few weeks before his admission 
renders a previous glomerulonephritis 
most unlikely, but tlie fact tliat a pro- 
found albuminuria appeared shortly 


evolution of acute glomerulonepliritis 
requhes revision. Apparently, in some 
instances, especially in children, the 
productive changes are so slight tliat 
only minimal glomerular changes are 
produced. In otlier and much rarer in- 
stances tlie productive changes appear 
to disappear completely. In the latter 
case, the anatomical picture of a true 
or genuine “lipoid neplirosis” results; 
when minimal lesions of tlie glomerulus 
persist we derive what Bell- calls the 
“mLxed” form. One merges- impercep- 
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tibly into the other and the end result 
is quantitative and not quahtadve. 
Pathologists are not in the habit of 
visualizing glomerulonephritis in this 
light. The factor or factors which 
determine the intensity of the glo- 
merular lesion are entirely unkno\vn. 
These biological sports in the evolu- 
tion of glomerulonephritis do not per- 
mit us to predict the morphological 
findings from the clinical phenomena, 
except in the broadest way. \Ve can 
often predict tlie amount of lipoid in- 
filtration in the renal parenchyma from 
the level and duration of tlie hypei- 
cholesterinemia. The e.xtent and ma- 
turity of renal damage is only one of 
the factors in producing renal insuf- 
ficiency, since this is conditioned by 
extra-renal factors, notably cardiac fail- 
ure from an associated hjqjertension, or 
a concomitant febrile disorder. Ac- 
cording to Bell' hypertension does not 
develop unless tlie basement membrane 
of tlie capillaries become so thick that 
they become narrowed; and tlie blood 
flow is decreased. That tliis mech- 
anism does not always maintain is 
shown by tlie cases ivitli hjqiertension 
we hai'e described in which tliere was 
either no thickening of the basement 
membrane, or when it was present, the 
number of affected glomeruli were so 
small that the thickening could hardly 
cause renal ischemia. The cause of 
the hj'pertcnsion in glomerulonephritis 
remains problematical. 

Sunimar}’. Tlie term “nephrosis” has 
been so modified by subsequent stu- 
dents of the malady from its original 
connotation, that when it is employed 
one should demand a definition. 

The fundamental clinical phenomena 
of “lipoid nephrosis" are here reviewed 
and their genesis outlined. The pri- 


mary factor is a prolonged hjpopro- 
teinemia. The hypoproteinemia is the 
result of a persistent proteinuria con- 
sequent to an increased permeability 
of the glomerular capillary walls, which 
is not always e.xplainable histologically 
with our current technical methods. 
The hypoproteinemia, and especially, 
hjqioalbuminemia, is responsible for 
the edema and anasarca and for tlie 
low protein content of the exudate. In 
addition, die h>q)oproteinemia is prob- 
ably indirectly responsible for the low 
basal metabolic rate by creating an 
edema which acts as a suit of clotlies 
preventing tlie dissipation of heat. 
This e.xplanation is based on our dem- 
onstration that integumentary tliick- 
enings of whatever nature are usually 
accompanied by a low basal metabolic 
rate. The lipemia represents in all 
probability a compensatory pheno- 
menon. 

E\Tidence has been submitted to 
show that anatomical “lipoid neph- 
rosis” represents nearly always one of 
the biological progressions of a glo- 
merulonepliritis, in which the conven- 
tional productive changes have either 
disappeared or have not developed. 
In other instances, it may be tlie result 
of extrarenal factors in which a hj'po- 
liroteinemia ensues. 

Clinical and anatomical “lipoid neph- 
rosis” are by no means synonymous. 
In the last analysis, “nephrosis” is not 
a disease in the sense tliat it has a con- 
sistent background in either morbid 
anatomy or etiology. Instead of em- 
ploying a generic term to cover a 
multitude of unrelated morphological 
backgrounds, accuracy of thought 
would be promoted by ascribing the 
best available descriptive term for each 
renal disorder. 
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Reports on diphenhydramine hydro- 
chloride (benadryl hydrochloride) are 
in general agreement as to tlie value of 
this drug in certain allergic diseases, 
such as hay fever and urticaria. There 
is also general agreement as to its lack 
of efficacy in most patients witli bron- 
chial asthma. These 3 allergic condi- 
tions comprise the largest percentage of 
cases in which tlie anti-histaminic drugs 
have been used. Most reports include 
a small number of other conditions, 
either allergic or questionably so. 
Some conclusions have been drawn as 
to the value of the compound used 
from the results obtained in a small 
group of patients. 

Onc'of tlie difficulties present in the 
attempt to evaluate any drug in tlie 
treatment of a specific disease is tlie 
time interval which must elapse be- 
tween tlie administration of the medi- 
cation and the time the effects are first 
observed. If the disease is one in 
which subjective symptoms wa.x and 
wane rapidly, it may be impossible to 
determine the effect of a particular 
medication. 

The puqiosc of this study is to eval- 
uate the use of an intravenous solution 
of benadryl* in the treatment of con- 
ditions generaliv accepted as being al- 
lergic as well as in conditions which 
are questionably allergic in nature. If 
a medication brings relief within a few 


minutes after it is given, the possibil- 
ity tliat the rehef is directly related 
to tlie medication is greater than if 
there is a time interval of 30 to 60 
minutes before relief is obtained. It 
was felt tliat the results would be of 
tlierapeutic importance and might aid 
in evaluating the diug in conditions in 
which its efficacy is questionable. 

Material and Methods. Thirty-nine 
patients w’ere treated with easily evalu- 
ated ssTnptoms of a possible allergic na- 
ture. An intravenous solution of bena- 
dry] was used which contained 10 mg- 
per cc. It has been our practice to use 
a dilution of appro.ximately 10 mg. per 
30 cc. of normal saline. Our usu.al dose 
had been 30 mg. of benadrj'l given by 
a continuous intravenous drip, taking 
from 7 to 12 minutes to complete the 
procedure. Doses of 10 to 50 mg. have 
been used in appropriate dilutions. The 
results of the tlierapeutic trials are listed 
in Table 1. 

Results. Urticaria. Twenty-one pa- 
tients with urticaria were treated. Nine- 
teen of tliese e.xperienced complete re- 
lief of the pruritus immediately, h 
was interesting to see that the relief 
of symptoms, if it occurred, followed a 
certain ratlier definite pattern. Many 
patients first noticed diminution in tlie 
pruritus when as little as 10 mg. of the 
benadryl had been receis ed. Tlie re- 
lief was centrifugal in nature, first be- 
ing e.xpericnced on the tnmk and back. 


* Supplied tiirough the courtesy of Dr. E. A. Sharp; Parke D.ivis & Co. 
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then progressing down the extremities 
until the final points of discomfort were 
usually the hands and feet. These pa- 
tients were very much aware of their 
discomfort due to the pruritus. As this 
diminished, many of tliem then com- 
plained of a burning sensation. It was 
felt tliat this burning sensation was due 
to the local irritation from scratching 
and rubbing. This sensation disap- 
peared by the end of the infusion. The 
wheals also changed as the treatment 
was being given. In the fair-skinned 
patient, the red wheal blanched from 


patients who did not respond to intra- 
venous benadryl were botli patients 
whose urticaria followed the use of 
penicillin in wax and oil. It has been 
our experience that those patients, who 
have responded, usually have started to 
do so by tire time tliey have received 
10 to 15 mg. o fbenadryl. Our feehng 
has been tlrat if the patients did not 
respond to 30 mg., tlrey would not re- 
spond to any dose and treatment with 
an anti-histaminic agent was then aban- 
doned. This was our procedure in the 
2 cases of urticaria which did not re- 


TABLE 1. 


CLINICAL RESULTS OF INTRAVENOUS BENADRYL HYDROCHLORIDE 

IN 39 PATIENTS 


Diagnosis 

Urticaria 

Astlrma 

Vasomotor Rhinitis . . 
Pruritus with— 

Poison Ivy 

laundice 

Neurodermatitis . . . 
Miscellaneous- 

Allergic Arthritis . . 
Gonorrheal Arthritis 

Tabetic Crises 

Unilateral Headache 
Dysmenorrhea .... 


No. of Cases 
21 
3 
2 


Improved Not Improved 

19 2 

1 2 

2 


4 

1 

2 

1 

1 

1 

1 

1 

39 


4 

1 

1 


29 


1 

1 


I 

1 

1 

1 

10 


the center outward so that at times tlie 
wheal would become a raised area 
comprised of a red rim around a 
blanched center. The size of the wheal 
did not usually change immediately but 
would gradually disappear over a pe- 
riod of about 1 hour. 

In some patients the period of re- 
lief was only 3 or 4 hours. In others 
no further medication was required for 
6 to 8 hours. All patients relieved by 
the intravenous benadryl in whom a 
recurrence of the itching occurred, ob- 
tained relief by the use of tire drug 
orally. Three of the patients with mrti- 
caria who had relief did not have a re- 
currence of tire pruritus after the ini- 
tial intr’avenous dose was given and no 
furtlrer oral drerapy was necessary. 

It is of interest to note tlrat the 2 


spend to intravenous benadryl. How- 
ever, one of our more recent patients 
was one who developed angioneurotic 
edema of the face and lips following 
antiluetic drerapy widr penicillin, bis- 
muth and mapharsen. He was given 
30 mg. of intravenous benadryl with no 
change in dre angioneurotic edema and 
little change in dre associated pruritus. 
Following this he was dren put on 
100 mg. of oral benadryl every 3 hours, 
with marked relief of symptoms and 
disappearance of dre edema. The re- 
sponse of this patient to oral medication 
after failure of the intravenous drug has 
made us reahze that in some patients 
our arbitrarily chosen dose of 30 mg. 
of the intravenous solution may be in- 
sufficient. Any patients who do not 
obtain relief from 30 mg. intravenously 
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l^robably should be given a larger dose 
before the drug is definitely considered 
to be ineffective. 

Asthma. Three patients wdth severe 
acute attacks of bronchial astlima were 
ti'eated with inti-avenous benadryl, 2 
receiving 40 mg. of the solution and 1 
receiving 30 mg. In 2 cases there was 
no appreciable change in tlie patient’s 
condition; 1 received immediate objec- 
tive relief. All of these patients had 
received various other forms of tlierapy 
previous to the use of benadryl. There 
have been reports in which benadryl 
has proved of value in the treatment 
of astlrmatics but generally the repoii;s 
have been discouraging. 

Miscellaneous. Four patients witli 
contact dermatitis (poison i\y) were 
given inti'avenous benadryl. All of 
tlrese patients had immediate cessation 
of the pruritus. One, after being re- 
lieved of his pruritus by an injection of 
intravenous benadryl, was put on a 
maintenance dose of 50 mg. orally 
every 4 hours. He experienced no re- 
lief from this medication and the dos- 
age was increased until the patient was 
receiving 100 mg. every 2 hours. No 
relief was obtained with tlrese large 
doses. This is the oirly patient in our 
series who was relie^'ed by the intra- 
venous preparation but not by the oral 
drug. The only e.xplanation felt plaus- 
ible is that absorption of the drug from 
the gastrointestinal tract was impaired. 

Wc have recently reported' tire use 
of benadryl in 14 cases of poison ivy 
dermatitis with complete relief of itch- 
ing in 12 cases and moderate relief in 
2. Some authors have reported good 
results, others poor results in the relief 
of the pruritus of poison ivy dermatitis 
by benadryl. It is our opinion that 
the use of intravenous benadryl is the 
most objective method of determining 
the value of the drug in this and .similar 
conditions. 

One patient with tabetic cri.ses was 


not benefited. Neither were 2 other 
patients, one of whom had a severe 
unilateral headache xwth certain mi- 
grainous features and the other who 
had a chronic gonorrheal arthritis with 
a painful knee joint. The last 3 pa- 
tients were included because of the 
possibility that there might have been 
an allergic factor in tlie production of 
their symptoms. 

One patient witli pruritus associated 
with chickenpox was given intravenous 
benadryl with marked relief from the 
itching. She was tlien maintained on 
oral benadryl witli relief. Several otlier 
jiatients with chickenpox also received 
marked relief from the use of oral 
benadryl. 

Two patients widi neurodermatitis 
were treated. One experienced no re- 
lief from the inti'avenous therapy while 
the otlier had marked relief. The pa- 
tient who was not relieved was given 
I'ery large doses of oral benadryl with- 
out effect. The patient who was re- 
lieved was maintained on the oral 
medication with marked relief from 
itching and clearing of the skin lesions. 
Two patients with vasomotor rhinitis 
e.xperienced complete relief after the 
administration of intravenous benadryl. 
One patient with an allergic artliritis 
of a palindromic nature also was re- 
lieved. One patient who had pruritus 
associated with jaundice was not re- 
lieved. One patient with severe dys- 
menorrhea was not benefitted. 

Discussion, The use of an intraven- 
ous preparation of benadryl has not 
been stressed in many reports. Some 
authors have found certain specific ad- 
vantages in using the intravenous mode 
of administration. McElin and Horton- 
attempted to inhibit the rise of hista- 
mine induced gastric acidity in patients 
with multiple sclerosis by use of intra- 
venous benadryl. Tliey felt lliat there 
is suggestive evidence that in some in- 
stances the curve of gastric acidity is' 
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altered in patients with multiple scler- 
osis. Reinstein and McGavack® found 
that oral benadryl had no effect on the 
glucose tolerance, whereas when given 
intravenously in 30 mg. doses, benadryl 
seemed to increase sugar tolerance. 
Moersch et al.° studied the gastric se- 
cretory response of patients given intra- 
venous benadryl. It had been shown 
previously that successive equal sub- 
cutaneous injections of histamine pro- 
duced almost identical curves of gastric 
acid response.® This served as a basis 
for what’ tlie authors designated the 
'‘double histamine test.” After deter- 
mining if in the original test the curves 
were similar, a tested material was 
tlien introduced between the 1st and 
2nd curve. If tliere is a change in 
the 2nd curve it is felt that the in- 
b'oduced material may be responsible. 
After the concentration of hydrochloric 
acid and the total volume of gastric 
juice was obtained following subcutan- 
eous histamine, inti'avenous histamine, 
and a test meal, in 3 groups of patients, 
these patients were then given an iden- 
tical test coupled with the use of intra- 
venous benadryl. There was nO mate- 
rial difference found in the volume of 
gasti'ic content nor in the concenti'a- 
tion of free hydrochloric acid after tlie 
adminisb-ation of intravenous benadiyl. 

McElin and Horton® report tlie use 
of inb'avenous benadryl in 26 patients. 
In urticaria then- results were good. 
One patient with dysmenorrhea was not 
benefitted. Their results in b-eatment 
of patients with hay fever and vaso- 
motor rhinitis were good. In 1 case 
of acute bronchial asthma inb’avenous 
benadryl was tried on 3 occasions with- 
out relief. In 3 cases of histamine 
cephalgia, typical attacks were pro- 
voked by giving histamine subcutan- 
eously. As soon as a typical attack had 
developed, inb’avenous injection of 60 
mg. of benadryl per 100 cc. of phy- 
siological saline solution was begun at 
about 120 drops per minute. On all 


3 occasions, rehef was obtained prompt- 
ly; in one, definite and complete relief 
was obtained in 30 seconds. However, 
in 8 cases of histamine cephalgia the 
oral use of the drug seemed to be of 
only limited value. 

Toxic Effects. McElin and Horton® 
suggested early in tlie study of the use 
of benadryl tliat the intravenous meth- 
od of adminisbabon was of value in 
tlie clinical investigabon of the drug. 
They used doses of 10 to 120 mg. by 
the continuous drip mediod. Routinely 
they recommended the use of 60 mg. 
in* 100 cc. of normal saline solubon. 
Widi this mediod diey encountered no 
evidence of acute toxicity. Dizziness, 
sleepiness, and dry mouth were the 
significant side reactions. It was noted 
that dizziness was present in every pa- 
tient when die sibing j)osition was as- 
sumed at the end of the injection. 
These symptoms were of short duration. 
McGavack et al.* reported reactions in 
3 of 10 subjects given inbavenous bena- 
di’yl. One pabent was given 20 mg. 
and the odier two 30 mg. each, of die 
drug. The reacbon in one pabent con- 
sisted of weakness, headache, “sea-sick- 
ness,” and drowsiness, all associated 
with exbeme pallor. No estimation of 
the blood pressure was given. The 
2nd patient complained of dizziness 
widi a sensation of falling to die left 
which lasted about 1 hour. The 3rd 
patient developed a severe cliill asso- 
ciated with sweating, headache, low 
back pain and a slight decrease in 
temperature but with no change in 
either pulse rate or blood pressure. In 
this arbcle no menbon was made of the 
dilution factor used. However, one of 
the authors® states diat his practice has 
been to inject the intravenous benadi’yl 
undiluted, usually taking from 30 to 90 
seconds for the injection. This may ac- 
count for the high percentage of reac- 
tions obtained. 

As menboned, our practice has been 
to inject 30 mg. in about 75 to 100 cc. 
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of normal saline by continuous drip, 
taking from 7 to 12 minutes to complete 
the injection. Of our 39 patients, 8 
experienced side effects. Two were 
both dizzy and sleepy, 2 were dizzy 
and 2 were sleepy. One patient had 
a chilly sensation followed by a mild 
chill immediately following cessation of 
the injection. This wore oflF in about 
2 minutes. Another patient immedi- 
ately following tlie injection felt sleepy. 
However, about 90 minutes after the 
treatment he suddenly developed bi- 
lateral low back pain, headache and a 
shaking chill which lasted about 20 
minutes. When this ^vore off he had 
no furtlier reactions. In all oE these 
patients, tlie side effects wore off very 
quickly. It is felt tliat the dosage, 
dilution factor, and speed of adminis- 
tration were responsible for the lack 
of more toxic effects. Tliat there is a 
vide safety' factor between the thera- 
peutic and toxic doses can be seen from 
tlie large doses that have been used. 
Moersch et al.'‘ report tlie use of 200 
mg. of benadiyl in 200 cc. of normal 
saline by continuous drip at the rate 
of 35 to 40 drops per minute. To.xic 
effects are not mentioned. One of the 
authors states that no serious toxic ef- 
fects were noted after use of large 
doses.' McGavack' states tliat he has 
given as high as 100 mg. intravenously 
undiluted with no serious side effects. 
From the results we have obtained, 
we feel tliat a usual dose of 30 mg. is 
suflicient to produce a therapeutic re- 
sult. If that dose is unsuccessful, then 
the use of a larger dose is justified. 
If there is no response to the intraven- 
ous drug it is felt that the oral form 


of therapy is not indicated. 

That intravenous benadryl has a cer- 
tain tlierapeutic value is unquestioned. 
In our opinion the use of this type of 
therapy' is of even greater aid in per- 
mitting the quick evaluation of tlie 
efficacy of the drug in any particular 
condition in which the value of tlie 
medication is doubted. If relief is ob- 
tained witli tlie intravenous prepara- 
tion, tlien the oral metliod of adniinis- 
ti-ation should also be effective if large 
enough doses are given. Frequentl)' 
tlie drug has been felt to be ineffective, 
when in reahty it was not being used 
properly. On several occasions it was 
found tliat patients were receiving 
small amounts of the drug by mouth 
witli httle or no relief. These patients 
were then given intravenous benadryl 
with immediate relief of sy'mptoms. 
Larger doses were recommended by 
moutli and tlie patients then obtained 
relief. 

Summary. Thirty-nine patients were 
treated wtli an intravenous prepara- 
tion of benadryl. The results obtained 
were similar to those obtained in tlie 
use of tlie oral yireparation. Tlie I’ari- 
ous uses to which inbavenous benadryl 
has been put arc reviewed. A dosage 
and diluh’on of intravenous benadrj’l 
has been recommended. Toxic effects 
have been discussed and their relation 
to dosage, dilution and speed of admin- 
istration have been described. It is 
felt that one of tlie most useful pur- 
poses of intravenous benadryl is to aid 
in tlie immediate evaluation of the 
drug in any condition in which its value 
is uncertain. 
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Clinical experience with surgery 
of the sympathetic nervous system has 
stimulated the search for chemical 
agents that will effectively inhibit func- 
tions of tlie sympathetic nervous sys- 
tem, particularly vasoconstriction. 
Among the compounds found to have 
sympatholytic and vasodilator proper- 
ties are die tetraethylammonium salts'*, 
dibenamine®, and pentaquine.® None of 
these agents, however, has proved to 
be of practical value in the treatment 
of essential hypertension. 

An additional group of sympatholytic 
agents has been available in the natu- 
rally occurring alkaloids of ergot.^’^^ 
However, diese substances do not pos- 
sess significant vasodilator properties, 
presumably because of their direct 
stimulating action on smooth muscle in- 
cluding that of the blood vessels^^. As 
a result, they have found no use as 
dierapeutic agents in peripheral vas- 
cular disease or in essential hyperten- 
sion. 

Recently Stoll and Hofmann have 
prepared dihydrogenated derivatives 
of the ergotoxine group of alkaloids^- 
which exhibit marked sympatholytic 
and adrenolytic properties in animals 
wth only slight direct stimulating ef- 


fects on smooth muscle^ These com- 
pounds are less toxic in animals than 
the naturally occurring derivatives of 
ergotoxine and one of them, dihydro- 
ergocornine, when administered intra- 
venously has been found by Bluntschli 
and Goetz^ to lower die blood pres- 
sure of hypertensive patients. The pres- 
ent communication confirms and en- 
larges die experience of these workers 
on die clinical and pharmacological 
effects of the dihydrogenated deriva- 
tives of ergotoxine in normal and 
hypertensive man. 

Matei'ials and Methods. The 3 com- 
pounds tested were diliydroergoconiine 
(DHO 180), dihydroergokryptine 
(DHK 135) and dihydroergocristine 
{DCS 190). Fifteen patients received 
dihydroergocoriiine, 7 received dihy- 
droergocristine, 8 were administered 
dihydroergokryptine, while 4 hospi- 
talized patients received each of the 
3 drugs at intervals of 3 or more days 
apart. The drugs were administered 
usually intravenously, and occasionally 
orally to hospitalized and ambulator}- 
patients witli hj'pertension, and also 
to norniotensive subjects. The mean 
arterial pressure was calculated as half 
the sum of the systolic and diastolic 


"Tliis investigation was supported in part by the Squibb Institute for Medical Research, New 
Brunswick, New Jersey. The dihydrogenated derivatives of ergotoxine were generouslv supplied 
by C. Henze, M.D., of the Sandoz Chemical Works, Inc., New York, New York. 
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blood pressure, whieh unless other- 
wise stated was taken w'th an arm 
cuff and mercury manometer. Control 
blood pressures were obtained for a 
period of Y 2 hour prior to the adminis- 
tration of the drug. 

Results, Effect on Blood Pressure 
and Pulse Rate. The hypotensive re- 
sironse to the administration of these 
dihydrogenated alkaloids of ergot was 
extremely variable in different patients 
(Table 1). All gradations of response 
occurred from insignificant to marked 
reductions in blood pressure. For e.xam- 
ple, after an intravenous injection of 
0.5 mg. of dihydroergocomine in a 


Following an intravenous injection 
of any of these compounds in a reactive 
subject the blood pressure usually fell 
progressively for 10 to 30 minutes to 
normotensive levels, and thereaftei 
rose slowly to control values over a 
period of 1 to 24 hours or longer (Fig- 
ure 1). Other subjects exliibited no re- 
duction of arterial pressure or only 
slight hj'potensive effects which lasted 
for 10 minutes or less. Similarly, the 
presence and the degree of postural 
hypotension varied in different indi- 
viduals, but in general, was most mark- 
ed in those who e.xhihited the greatest 
reduction of blood pressure in the su- 
pine posifa'on. Most commonly 5 to 



reactive subject (Figure 1) the blood 
pressure decreased definitely within ] 
minute and markedly vrithin 10 min- 
utes. During the early period after in- 
jectimi in such a patient, his pulse ratc- 
was nnafh'cfecl and he had no symp 
toms, unless allowed to stand, where- 
ujK)n he developed a furlhcr fall of 
blood pressure soon followed by bra- 
dx’cardia and collapse (Figures I and 
2 ). 


20 minutes following the administra- 
tion of these drugs a reduction in car- 
diac rate occurred, sometimes accom- 
panied by the side effects described 
below. .'V summars' of the effects on 
blood pressure and pnise rate is given 
in Table I. 

Of the available compounds studied, 
dihydroergocomine and dihydroergo- 
krv'ptine exhibited the greatest hypo- 
tensive activity (Tables 1 and 2). In 
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the supine position 8 of the 15 patients 
tested with dihydroergocornine exhib- 
ited a fall in blood pressure greater tlian 
20 points systolic and 15 points dias- 
tolic, while 10 developed postural hy- 
potension. The inb'avenous dose varied 
from 0.25 to 1.0 mg. When administered 
orally this dose produced little effect 
until it was increased to 4 to 8 mg. 
except in 2 patients, who responded 

RESPIRATIONS ■. " 


to as little as 2 mg. Following an oral 
dose of 8 to 10 mg., 5 of 7 patients 
developed a significant reduction in 
resting blood pressure, while 2 of 
tliese 5 also exhibited postural hypo- 
tension and collapse. In only 2 of the 
5 patients was the reduction in blood 
pressure in the supine position as great 
after 10 mg. administered by moutli 
as it was after 0.5 mg. ‘administered in- 
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Fig. 2.— Postural hypotension, bradycardia and impendine collapse (lower record) 
following die intravenous administration of 0.5 mg. of dihydroergocornine (K. M., 
female, aged 52). In the respiratory tracing inspiration is down. Arterial pressure was 
recorded from the brachial artery with a Hamilton manometer. The patient was lying 
on a table that at the arrow was tilted upright to an angle of 75°. Note tliat in the con- 
trol period (upper record) she was able to stand for over a minute without the devel- 
opment of significant hypotension. After dihydroergocornine impending collapse oc- 
curred in 45 seconds following the tilt to the upright position. 


Table 1.— Summary of the Effects of the 3 DraYonoccNATED Alkaloids of Ergot on the Blood 


Pressure and Pulse 

Rate and 

THE Incidence of 

N.vusea 

AND Vomiting 




Number 

Dose 


Reduction in 

Reduction in 

No. of Patients 


of 

Intravenously 

Mean .Arterial Pressure 

Pulse Rate 

Experiencing 

Drug 

Patients 

Mgm. 


Per Cent 

Per Cent 

Side Effects 






Standard 





Mean 

Range 

Mean 

Range Deviation 

Mean Range 

Nausea Vomiting 

Dihydroergocornine 

. . IS 

0.5 

0.25-1.0 

IS 

0-41 12 

16 0-33 

4 2 

Dihydroergocrlstine 

. . 7 

0.8 

O.S-l.S 

8 

0-15 6 

6 0-18 

I 0 

Dihydroergokryptine 

. . 8 

1.2 

0.5-1.5 

13 

0-20 5 

14 0-24 

2 1 
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Iravenousiy. These data suggest, there- 
fore, that to achieve a comparable 
effect by oral administration approxi- 
mately 10 to 20 times the effective intra- 

TAnLE 2.— A CoMI'ARISON' OF TJIE HVPOTENSIVE 
Effect of tije 3 Duiychoce-vated Aekaeojos 
or EncOT in 4 Patients uttk Essential Hy- 
FERTENSION. 

Reduction in 



Dose 

Mean 

Patient Dmv: Intravenously 

Arterial Pressure 


Mgm. 



Dihydrocrgocomine 0.5 

28 

.\t.c. 

Diliyclroergocristine 1.5 

15 


DiiiydroergokryptSne 0.5 

14 


Dthydrocrgocomine 0.25, 

19 

.M.G. 

Dihydrocrgocrisfinc 0.7.5 

6 


llihydroergokryptine 1.5 

11 


Dihydrocrgoconiine 0,3 

5 

).D. 

Diliydroerj;ocri5line 0.5 

3 


Di!ij’drocrgoVT%i)tine 0.3 

13 


Diliydroergocomine 0.5 

0 

M.X. 

Diliydrocrgoctislinc 0.5 

S 


Dili\droercoJcr>TJtino 0.5 

S 


venous dose usuall)' must be given. In 
addition to the In-potensive response, 
4 of die 7 patients exliibited a reduc- 
tion in pulse rate of from 10 to 20 beats 
per minute, and four developed nasal 
stufBness. The hj'potension, bradycar- 
dia and nasal stuffiness appeared 1 to 
2 hours after die oral administration of 
die drug and lasted 1 to 12 hours. 

Side Effects. No serious toxic reac- 
tions were noted. Some degree of nasal 
stuffiness due to congestion of die nasal 
mucosa was present in almost eveiy 
case. This could be successfully com- 
bated by the local application of 0.23 fo 
solution of aqueous neosjmephrin. 
Visual accommodation was unimpaired. 
Nausea occurred in 7 of 30 patients 
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studied and in 3 of the 7 was followed 
by vomiting. These effects, often ac- 
companied by sensations of faintness 
and giddiness, occurred during tlie pe- 
riod of bradycardia. It is worthy of note 
that the presence of side reactions was 
not related necessarily to the develop- 
ment of hypotension. For example, one 
patient exhibited a reduction of blood 
pressure from 245/128 to 150/80 with 
no side reactions of any kind except 


response seen within tlie first few 
months after lumbodorsal splanchnicec- 
tomy or tliat observed after such drugs 
as sodium nitrite or teti'aethylammo- 
nium bromide was not accompanied 
by a significant increase in pulse rate. 
Immediately after the patient assumed 
the erect position the blood pressure 
frequently was maintained for a brief 
period only to fall over the succeeding 
several minutes. Collapse began with 
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Fig. 4.— Inhibition of the cold pressor responses (C. T., male, aged 52, with essential 
hypertension following the intravenous injection of 0,5 mg. of dihydroergocomine). 
Other notations as in Fig. 2. 


for the development of postural hypo- 
tension; while other patients without 
hypotension developed nausea and 
vomiting. 

Mechanism of Action. The sym- 
padiolytic properties of tliese agents 
were demonstrated by the following 
effects. 

(1) The development of postural htj- 
potension. This, unlike die postural 


yawning or nausea, followed by faint- 
ness, sweating, pallor and bradycardia. 
Postural hypotension occurred in nor- 
motensive as well as hypertensive indi- 
viduals. 

(2) Diminution in vasopressor re- 
sponse to blood-pressure-lowering pro- 
cedures. After dihydroergocomine the 
hjfpertensive overshoots which normally 
occur after the Valsalva maneuver (Fig- 
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ure 3), and the tilt-back from the up- had no significant change in blood 
right to the supine position^^ were in- pressure. A similar inhibition of tliese 
hibited. This effect was identical wdth refle.ves was also obsei^^ed in several 
that observ'ed after surgical splanchni- normotensive individuals following the 
cectomy’^ or the administration of cer- administration of dihydroergocornine. 
tain other sympatholytic agents^^ (5) A reduced hypotensive rc- 

(3) Reduction of the cold pressor spouse to the drug in the same patient 

response (Fig. 4). studied after as compared with before 

(4) Diminution of digital reflex va- lumbo-dorsal splanchnicectomy. Thus, 
soconstrictor responses both to “nox- the same dose in 3 patients produced an 
ious" sfimidi and to body cooling. This average reduction of 6% of mean arte- 
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Fm. 5.— The blockin^^ of liyper^lycemic response to Xho intramuscular injection 
of 0.25 mp;m. of epinephrine (J. S., male, aj^ccl 32, with a diagnosis of latent syphilis 
under treatment witli penicillin). Normal diet; tests carried out in the postabsorplive 
basal stale. In tlie 2d test, 2 days follossint; the control test, 15 minutes prior to the 
injection of epineplirine, I.O rnjr. of dihydrocr;iokr}'ptinc was administered intravenously, 
and immediately followinii the injection of adrenalin an additional 0.5 m^. of dihydro- 
ergok'iy pline was giv en I)y the same route. /\nothcr sucj) test on a different patient gave 
similar results. 

effect measured by digital plethysmog- rial pressure after lumbodorsal .splanch- 
raphy’ and 'or cutaneous thermome- niceclomy as compared to a 147° ic- 
try'= varied in amount from slight to duction prior to operation. By contrast, 
almost complete .supprc.ssion of sym- the drug produced tlie .same degree 
pathetic reflex vasoconstrictions in the of slowing of cardiac rate before and 
fingers and toe.s. However, it bore up after lumbodorsal splanchnicectomy. 
relation to the degree of hypotension. Further, the tachycardia which other- 
I bus, the reflex vasoeonstrictions were wise occurred in the erect position after 
only slightly inhibited in two hx^jer- splanchnicectomy was inhibited by the 
tensi\e patients who exhibited marked administration of dihydroergocornine. 
reductions of resting arterial pressure, Tlie adrenolytic properties of dihy- 
while the)- were almost completely droergokiyptine were clearly shown hy 
abolished in two other patients who the; inhibition in 2 subjects of (he by- 
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perglycemic response to tlie injection of 
epinephrine (Figure 5). The inhibition 
of the pressor response to epinephrine 
was less readily demonstrated. How- 
ever, by using doses of from 1.0 to 1.5 
mg. of dihydroergokryptine and by ad- 
ministering a minimal effective dose of 
epinephrine by constant intravenous 
drip in dilute solution, an adrenolytic 
effect on the blood pressure response 
could be demonstrated. Occasionally 
tliere was also inhibition of the tachy- 
cardia and mydriasis which ordinarily 
follows the injection of epinephrine. 

In addition to tlie sympatholytic and 
adrenolytic actions noted above after 
any of these agents tliere were evi- 
dences of vagotonic effects including 
nausea, vomiting and bradycardia. 
These effects may have been due 
to unopposed vagal action rather than 
to direct vagal stimulation. The brady- 
cardia, but not the hypotension, could 
be abolished by atropine. In conti'ast to 
the early appearance of signs of sym- 
pathetic inhibition, evidences of vagal 
stimulation were usually delayed until 
10 to 20 minutes after the intravenous 
injection of the drug. 

Dihydroergocornine apparently in- 
creased the tendency to collapse from 
venous pooling. Following administra- 
tion of the drug postural hypotension 
and collapse were frequent, but could 
be prevented by the application of a 
tight abdominal binder and elastic 
stockings. Similarly collapse often was 
produced in the supine position after 
DHO 180 by the inflation of venous 
congesting cuffs high on the extremi- 
ties for several minutes, when it could 
not be so produced before the drug. 

Discussion. Although these dihy- 
drogenated derivatives of ergot bear 
certain resemblances to other sympa- 
tholytic agents, tlieir action is not identi- 
cal with any of them. For example, in 
animals die ergot alkaloids have been 
shown to produce a central blockade 
of sympathetic reflexes^ This effect 


as well as die absence of significant 
tachycardia during the period of post- 
ural hypotension resembles that of 
pamaquine and pentaquine.®’®’^® The 
ergot alkaloids differ from these latter 
agents, however, in that diey also 
exhibit adrenolytic properties. 

The selective adrenolytic, sympatho- 
lytic and vagotonic jiroperties of die 
dihydrogenated ergotoxine compounds 
are in marked contrast to the indiscrimi- 
nate blockade of all autonomic ganglia 
produced by the tetraethylammonium 
salts.^ On the odier hand their adreno- 
lytic and sympatholytic properties sug- 
gest a similarity of -action to that of 
dibenamine® and to Fourneau com- 
pound 883F^. However, die available 
evidence indicates that dihydroergocor- 
nine acts centrally’^ whereas dibena- 
mine and Fourneau compound 883F’ 
are said to act peripherally. 

One of the most sticking features of 
dihydroergocornine in dierapeutic 
doses was the marked variability of its 
hypotensive effect in different indi- 
viduals. Its hypotensive action ap- 
peared to be related more to individual 
susceptibility tiian to size of dose as 
based on height, weight or age. Thus, 
increasing the dosage did not enhance 
the hypotension in certain patients who 
showed a poor response to standard 
amounts of the drug. The variability 
of action applied not only to the hypo- 
tension, but also to tlie other sym- 
patholytic effects. Similar variability 
has been noted witli other sympatho- 
lytic agents such as pentaquine” and 
tetraethylammonium bromide'. 

Bluntsclili and Goetz^ obseiwed that 
parenteral doses of 0.1 to 0.3 mg. of di- 
hydroergocomine had a greater hypo- 
tensive effect and a lesser incidence of 
side reactions tlian the larger dose of 
0.5 mg. used in most of the cases in tlie 
present study. Increasing the dose be- 
yond 0.5 mg. did not increase the hy- 
potensive response in our series, where- 
as it did increase tlie incidence of side 
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effects. The question of dosage requir- 
ed to obtain optimum therapeutic (hy- 
potensive) effects with minimum side 
reactions requires further investigation. 

The search for compounds to pro- 
duce a “chemical s>'mpathectomy” as 
yet has not yielded a drug of practical 
therapeutic value in tlie treatment of 
patients wth essential hj'pertension. 
Such an agent should be nontoxic in 
therapeutic doses; it should have a suf- 
ficiently long duration of action so 
that the patient may obtain his sleep, 
and ideally, it should be effective by 
mouth. In several respects ddiydroergo- 
comine fulfills these criteria. It is rela- 
tively nontoxic in therapeutic doses, and 
in selected cases, it reduces blood pres- 
sure in sufficient magnitude and du- 
ration to warrant additional clinical 
trial. However, in most patients the 
effective oral dose is so large tliat, for 
the present, this route of administration 
is neither practical nor economically 
feasible. Tlie most serious limitations to 
its clinical use are the development of 
side reactions in some patients and the 
absence of significant h>'potensive ef- 
fects in oUiers. In addition, the produc- 
tion of postural hj'potension, which 
the drug has in common widi all otlier 
sympatholytic agents, imposes a hard- 
ship on the patient. Definitive evalua- 
tion of its clinical usefulness must await 
long term studies in selected cases who 
exhibit a satisfactory InTrotensive re- 
sponse to oral administration. Tlie 
possibility of using dihydroergocomine 
as a test agent in predicting the out- 
come of splanchniccctomy is under in- 
vestigation at present. 

Sunimarj' and Conclusions. 1. Three 
new dihydrogenated alkaloids of ergot 
iiave been found to lower the blood 


pressure of a significant percentage of 
hypertensive patients following intra- 
venous injection. The most effec- 
tive agents in the group were dihydro- 
ergocomine and dihydroergoloy'ptine. 
The degree and duration of hypo- 
tensive activit)' were extremely vari- 
able in different subjects. 

2. These drugs have been shown to 
exert sympatholytic, adrenolytic and 
vagotonic properties: 

a) Sympatholytic actions included 
the production of postural hj’poten- 
sion, tlie inhibition of hypertensive ov- 
ershoots following depressor stimuli, 
diminution of reflex sympatlietic vaso- 
constriction in the digits, and modera- 
tion of the cold pressor response. In ad- 
dition the dmg had a reduced 11 )^ 0 - 
tensive action following lumbodorsal 
splanchniccctomy. 

b) Adrenolytic activity of diliydroer- 
gokiy'ptine was demonstrated by in- 
hibition of tlie hyperglycemic response 
to epinephrine, and under proper ex- 
perimental conditions diminution of tlie 
pressor response, tachycardia and my- 
driasis, following epinephrine. 

c) Evidence of vagal stimulation or 
of unopposed vagal activity was mani- 
fested by bradycardia and in some cases 
by nausea and vomiting. 

3. No serious toxic reactions were ob- 
served. Nasal stuffiness occurred in 
almost every case. With tlie dosage 
used the other side effects, notably nau- 
sea, vomiting and faintness occurred 
in approximately 23 of the patients 
tested. 

4. In selected cases dihydroergocor- 
nine was effective by the oral route 
usually in doses approximately 10 to 
20 times greater than the effective in- 
travenous dose. 
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Ix spite of the marked upsurge of opti- 
mism in the evaluation of coronary artery 
disease, myocardial infarction remains one 
of the most unpredictable entities in clini- 
cal medicine. The reason for this is the 
multiplicity of factors influencing its 
course and immediate prognosis, for in 
addition to the actual derangement of the 
circulation caused by myocardial infarc- 
tion, the course of the disease is often 
altered by secondary' complications. 

The immediate prognosis of acute myo- 
cardial infarction depends largely on the 
myocardial necrosis and its sequela;. Cor- 
onary artery disease is the usual initiating 
factor in obstructing the blood flow to a 
portion of the myocardium, but once heart 
muscle necrosis has developed the dam- 
age to the myocardium affects the course 
of the disease, regardless of whether or 
not there is progression of coronary arterio- 
sclerosis. 

In physiologic terms, the immediate 
elTect of acute myocardial infarction is 
failure of the left ventricle, the muscle of 
which almost always is the site of the 
myoinalacia.''^ ''’'^ It is, however, clear to 
all observers that progressive cardiac 
failure is not apparent clinically in all 
eases, not even in all fatal ones. The fre- 
quency of other secondary factors caus- 
ing death indicates that the heart is not 
nece.'sarily flarnaged beyoiul repair in 
tluKf who die from myocardial infarction. 
The purjaee of thi' .-.tudy is to investigate 
the immerliate Ncquehe of myocardial in- 
farction and their itiHuenee iqion tin- 
mortality from it, in patients who were 
observed clinically and e.vamined po.st- 
mortem, with n <p<-cia! eSTort to .“Separate 
e;i'*~. in which fieath wa< due to irrepar- 
f 172) 


able cardiac damage from those in which 
the cause of death was a secondary com- 
plication. 

Material and Methods. The study is based 
on 130 consecutive cases of recent infarction 
of the myocardium found on gross examina- 
tion in the routine autopsy material of the 
Department of Pathology during the 8 year 
period of 1937 to 1944. Doubtful cases 
were,eliminated, and so were cases in which 
clinical records were inadequate for the 
study. No .special methods of visualization 
of the coronary tree postmortem were used, 
but the coronary arteries were carefully 
examined and the myocardium searched, 
and both were studied microscopically. 
Clinical records were examined and particu- 
lar attention was paid to the course of illnes.s, 
circumstances preceding death and the mode 
of death. 

Special care was e.xerci.secl in evaluation 
of the patient’s condition before the devel- 
opment of myocardial infarction, in order 
to separate jiaticnts who already were ill 
at that time. Tlic decision as to what con- 
stitutes the immediate cause of deatii was 
reached in each case after a most careful 
consideration of clinical data and tlie au- 
topsy findings. In cases with nuiltiiile com- 
plications one factor was selected which was 
thought to have had a decisive effect on the 
course of the disease. 

In addition to the course and cause of 
death, pathologic evidence of damage to tiic 
heart was studied, particularh- the size of 
the infarction, the presence of myocardial 
scar.'- and of carrliac In-pertrophy. Infarcts 
were ela-'ifiefi according to tiic size as 
“large” anrl ‘•'-■mall,'’ and only flefinite myo- 
cardial scars were accejited as evidence of 
previous infarction, usually with a cor- 
resfionding old coronary occlu-ion. Hearts 
were clas-ificfl .as hyiiertrophied if the weight 
exceeded .aOO gm. 
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Findings. General Considerations. 
Gross pathologic descriptions of the 130 
cases showed that the recent infarcts of 
the myocardium were diagnosed as mas- 
sive in 36 cases, while in the remaining 
94 cases their sizes varied from 1 to 8 cm. 
in diameter. Infarcts were caused by 
coronary arteriosclerosis in 126 cases, by 
coronary embolism in 3, and by periarter- 
itis nodosa in 1. In the arteriosclerotic 
group, coronary thrombosis was demon- 
strated in 102 cases, and occurred in 1 
branch in 82, and in 2 branches in 20 
cases. Coronary arteriosclerosis of the 
branches supplying the non-infarcted myo- 
cardium was described as severe in 65 
cases, moderate in 35 and mild in 26 cases. 
Mural thrombosis was found in 78 cases 
(60%). _ 

A review of the clinical data revealed 
that the patients fell into 2 main cate- 
gories; those in whom myocardial infarc- 
tion developed as a complication of a pre- 
existing serious illness, and those in whom 
infarction was in the clinical sense a pri- 
mary illnessi Thirty-five patients fell 
into the former category; 22 of them suf- 
fered from cardiac failure prior to the 
development of myocardial infarction and 
13 suffered from non-cardiac conditions 
such as periarteritis nodosa, septicemia, 
uremia, diabetic acidosis, lobar pneu- 
monia, cancer, lung abscess, empyema, or 
had myocardial infarction after a major 
surgical operation. In these patients the 
pathologic findings in the coronary arter- 
ies and the myocardium were comparable 
to the remainder of the series, yet, from 
the clinical standpoint they were thought 
to be unsuitable for the study of the 
effect of myocardial infarction upon the 
circulation. In patients who were seri- 
ously ill before the development of the 
infarction even slight damage to the myo- 
cardium maj'’ become the immediate cause 
of death, and myocardial infarction is a 
mere terminal event, comparable to bron- 
chopneumonia. It was decided, therefore, 
to eliminate from the clinical-pathologic 
correlation these 35 cases and limit the 
material to the 95 cases of “primary” 


myocardial infarction; that is, patients 
who prior to the infarction had little limi- 
tation of activities, belonging to the 
functional Classes I and II (classification 
of the American Heart Association). 

“Primary” Myocardial Infarction. 
The 95 cases of “primary” myocardial 
infarction were divided in 4 groups, ac- 
cording to the cause of death and clinical 
course. Group 1 included those who de- 
veloped progressive circulatory failure, 
either congestive failure or shock, and 
who at autopsy did not show any impor- 
tant complications. There were 28 pa- 
tients in this group. Group 2 consisted 
of 24 patients who died suddenly, but 
showed at necropsy no immediate cause 
of death other than the infarction, sug- 
gesting that death was in them due to a 
fatal arrhythmia. In 12 patients of this 
group some observations as to the mode 
of death were available, the remainder 
were found dead, or died without warning. 
Six patients died during various activities 
(walking, trying to get out of bed, strain- 
ing on the bed-pan, etc.). One patient 
developed symptoms suggesting acute pul- 
monary edema and died before treatment 
could be started; 4 patients had attacks 
of anginal pain immediately preceding 
sudden death; 3 had eonvulsions. In this 
group at least 24 hours elapsed between 
the onset of the infarction and the sudden 
death. 

Group 3 included 32 patients who died 
as a result of complications demonstrable 
at autopsy. In all patients included in 
this group the clinical course, mode of 
death and autopsy findings suggested that 
the complications turned the tide of a 
case from a possible recovery, or at least 
accelerated death. The following compli- 
cations were found: rupture of the in- 
farcted left ventricle was present in 8 
cases (in 7 of them into the pericardium 
and in the eighth through the interven- 
tricular septum into the right ventricle), 
embolic phenomena were found in 15 cases, 
including cerebral embolism in 6, massive 
pulmonary embolism in 5, embolism to 
extremities in 3, and mesenteric embolism 
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Table 1. — Relationship Beitveen the Immediate Causes of Death and the Vabiods Types of 
Cardiac Damage Found at Autopsy in Primary Myocardial Infarction 

(Group 1: Progressive Circulatory Failure. Group 2: Sudden Death. Group 3: Death 


Due to Complications. Group 4: Other Causes of Death) 

Group 1 Group 2 Group 3 

Group 4 

MassiY'e myocardial infarction 

. 10 

7 

15 

2 

Old and recent infarction 

8 

7 

2 

4 

Myocardial infarction and cardiac hj-pertroplij’ 

6 

3 

7 

3 

Other cases of myocardial infarction 

4 

7 

8 

2 

Total 

. 28 
(30%) 

24 

(25%) 

32 

(34%) 

11 

(11%) 


Table 2. — Relationship Between the Condition of Patients With Primary Myocardial 
Infarction and Various Types of Cardiac Damage Found at Autopsy 


Patients in 
serious condition 

Massive myocardial infarction 17 

Old and recent infarction 12 

Myocardial infarction and cardiac hjTJertrophy . . S 

Other causes of mj’ocardial infarction 12 


Patients in 
good condition 

17 

9 

11 

9 


Total 


49 46 


Table 3. — Degree op Coronary Arteriosclerosis in Various Clinical Groups of 


Primary' My'ocardial Infarction* 

Coronary 

.Arteriosclerosis Group 1 Group 2 Group 3 Group 4 Total 

Mild 7 5 9 2 23 

Moderate G 6 13 1 20 

Severe 15 13 10 8 4G 


* See Table 1. 


Table 4.— Time Interval Between the Onset and Death From My'OCardial Infarction 
and Its Relationship to the Cause of Death 

N'o. of days between 
initial attack 


and death Group 1 Group 2 Group 3 Group 4 Total 

1- 3 8 7 2 1 18 

4-7 7 10 10 1 28 

8-10 4 2 3 2 11 

11-14 7 1 3 3 14 

15-21 1 3 9 2 15 

22-30 1 5 . . 0 

Over 30 1 .. .. 2 3 


in 1. Other coinplication.s, not directly 
connected with the infarction Yverc: lobar 
pncnnionia (appearing after the infarc- 
tion) in 2, empyema, diabetic acido.sis, 
uremia, gastro-inte.stinal hemorrhage, nn- 
exphiincd ileu.s in 1 each. Two patient.s 
flietl following a surgical operation for an 
intercurrent condition. In 20 of the 32 
ca.ses in this group the jiatient.s tvere pro- 
gres-'ing s.'itisfnetorily up to the time of 
flevelopment of the complication, Yvhile 
in 12 they Yvere in serious condition and 
in them com|)!ieations jirestimably only 
lUTS'Ii'rateu! an inevitable fatal outcome. 
It i' of interiNt to note that 4 of the 


5 patients YY-ith massiY’o pulmonary em- 
bolism occurred in seriously ill patients. 

Group 4 consists of miscellaneous cases, 
Yvhich did not fit into any of the first 3 
groups. piY'e patients died of reeiirrent 
coronary occlusion Yvhile in the hospital 
for the treatment of myocardial infarc- 
tion: 2 of them during the 1st anrl 3 in 
the 2nd Yveek after the first attack. I'onr 
patients had a prolongerl course Yvith 
repeated remissions and e.xacerbations, for 
Yvhich no c.xplanation yyhs apparent. Two 
patients died under circumstances sug- 
gi'sting digitalis toxicity. 

A relationshii) betYveen the extent of 
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Table 5. — Relationship Between Age and Cause of Death in Primary 


Age 

My’ocardial Infarction 



(yrs.) 

Group 1 

Group 2 

Group 3 

Group 4 

Tota 

Below 50 . 

5 

7 

4 

1 ' 

17 

51-70 . 

17 

14 

20 

8 

59 

Over 70 . 

6 

3 

8 

2 

19 


Table 6. — Relationship Between Shock and Cause of Death in Primary 


Patients in severe shock •. 

Myocardial Infarction 

Group 1 Group 2 Group 3 

. . 5 .. 2 

Group 4 

Total 

7 

Patients in mild shock 

. . 9 

1 

1 

2 

13 

Totals: 

— 

— 

— 





Patients in shook 

. . 14 

1 

3 

2 

20 

Patients without shock . 

. . 14 

23 

29 

9 

75 

Table 7. — Relationship Between Left Ventricular 

Failure 

AND Cause 

OF Death 


Primary Myocardial 

Group 1 

Patients with severe left ventricular failure . 6 

Infarction 

Group 2 

1 

Gioiip 3 

3 

Group 4 

Total 

10 

Patients with mild left ventricular failure 

. 17 

11 

19 

8 

55 

Tottils: 

— 

— 

— 

— 

— 

Patients with left ventricular failure 

. 23 

13 

22 

8 

G5 

Patients without left ventricular failure 

5 

12 

10 

3 

30 


Table 8. — Relationship Between Right Ventricular Failure and Cause of Death in 

Primary Myocardial Infarction 

Group 1 Group 2 Group 3 Group 4 Total 

Right ventricular failure 3 1 11 2 17 

% of total number of patients in the group . 10% 4% 34% 18% 18% 


myocardial damage as recorded at autopsy 
and tbe immediate cause ot death is pre- 
sented in Table 1. Table 2 shows these 
same pathologic data correlated with the 
patient’s condition, regardless of the cause 
of death. In this table the first column 
represents roughly patients whose chances 
of recovery from acute myocardial infarc- 
tion appeared slight, and the second col- 
umn those who had a good prospect for 
survival of the attack. The comparable 
incidence of the various pathologic find- 
ings believed to show the extent of myo- 
cardial damage in the 2 groups indicates 
a lack of correlation between the serious- 
ness of the clinical course and the extent 
of myocardial damage. 

Table 3 shows the degree of coronary 
arteriosclerosis with particular reference 
to the non-occluded vessels in the 4 clini- 
cal groups. There is a somewhat lower 
incidence of severe arteriosclerosis of the 
coronary arteries in patients who died of 
secondary complications. 

Table ‘ 4 shows the time of death in 
to the cause of death. It shows 


that the time between the development 
of myocardial infarction and death was 
shorter in patients who died of circulatory 
failure and of fatal arrhythmia than in 
those who developed secondary complica- 
tions. The time of death from the im- 
portant complications was as follows: 
rupture of the heart occurred within the 
1st week in 4 cases, in the 2nd week in 2, 
and in the 3rd week in 2. Death from 
embolic phenomena occurred in 5 cases 
in the 1st week, in 5 in the 2nd week, and 
in 4 in the 3rd week. 

Table 5 presents the relationship be- 
tween the age of the patients and the 
causes of death. There was a slightly 
higher incidence of fatal arrhythmias in 
younger patients; otherwise there were no 
striking differences in the mode of death 
in various age groups. 

The remaining 3 tables present the 
incidence of various forms of circulatory 
failure in the 4 groups of patients. Shock 
(Table 6) was observed in 20 cases (21 %), 
14 of which occurred in Group 1, account- 
ing for half of this group. All patients 
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■with shock, with 1 exception, died wthin 
the first 8 days after the initial attack. 

Left ventricular failure (Table 7) was 
noted in Go patients (68%) and showed 
highest incidence in Group 1, both in fre- 
quency and severity. 

Right ventricular failure (Table 8) was 
recorded in 17 cases (18%). There were 
fewer cases of right ventricular failure in 
Group 1 , and it appeared most frequently 
in patients who died from secondary com- 
plications (11 cases). It was noted that 
in 7 of these 11 cases pulmonary compli- 
cations were present, namely infarctions 
in 5 and pneumonia in 2. 

Discussion. Patients with fatal myo- 
cardial infarction can be divided roughly 
into 3 types: (1) those who die within 
minutes or hours after the onset of coron- 
iiry occlusion; (2) those who survive the 
initial attack, but fail to develop adequate 
circulatory adjustment; (3) those who 
show effective compensatory measures but 
die from secondary causes. Only the last 
2 types of patients were studied here: 
patients with immediately fatal coronary 
occlusion do not live long enough to reach 
the hospital, and therefore were not en- 
countered in this material. Of the 9.5 pa- 
tients with “primary” myocardial infarc- 
tion, 49 showed clinical evidence of circu- 
latory failure; 19 died in shock, 14 in 
severe congestive failure without compli- 
cations, anti 10 had cardiac failure but 
died of intcrcurrent coniplications. 

These 30 jjatients who were in severe 
cardiac failure and possibly the 19 patients 
in shock constitute cases in which the myo- 
cjirdium was apparently damaged beyond 
repair. It is shown that the incidence of 
massive infarcts, of old myocardial 'scars, 
and of eardiae hyj)crtrophy in these j)a- 
tients is the s:ime as in fully (‘oinpensated 
|■a.sl^'. 'riiis suggests that there is no cor- 
relation between the extent of gross dam- 
age to the hciirt muscle and the functional 
(■.ipaeity of the niyocarfiiuin. It would 
jh'rhajis In- unju'tified to accept unequivo- 
cally on the ba.-i' of relatively Sinai! series 
of e;i..c' a far-reaching conclusion, that 


the degree of myocardial damage does not 
influence the course of myocardial infarc- 
tion. It is safer to interpret these findings 
as a mere illustration of the fact that 
under favorable conditions patients may 
develop very large infarcts, or infarcts 
in hearts premously damaged by heart 
disease, and yet show enough compensa- 
tory measures in the eirculatory system 
to render them free from clinical signs of 
circulatory failure. 

It appears then that the most crucial 
period of time in an attack of coronary 
occlusion is the first few moments after 
the onset. In most severe cases patients 
may not even live long enough to develop 
recognizable myocardial necrosis. Those 
patients who survive the critical first few 
hours apparently have effective compensa- 
tory factors working in their favor. .At 
this stage the various secondary complica- 
tions of myocardial infarction become 
more menacing to the patients than the 
derangement of the circulation. 

Of the various types of circulatory 
insufficiency, left ventricular failure is the 
commonest, but the least serious of all 
sequeire of myocardial infarction. In this 
report only fully developed left ventricu- 
lar failure was recorded, but it has previ- 
ously been demonstrated that latent, or 
mild left ventricular failure can be shown 
in almost every case of myocardial infarc- 
tion.® 

In contrast, right x-entricular insuffi- 
ciency occurs infrequently in the course 
of myScardial infarction, but is very 
serious, almost invariably fatal. It is 
shown that right-sided cardiac insuffi- 
ciency is rare in patients who run the 
course of progressive circulatory failure, 
and occurs more often in association with 
pulmonary infarction or infection. It is 
likely that the changes in the pulmonary 
circulation due to the.«e comiilications 
contribute to the overloading of the right 
heart. If confirmed, this relationshii> 
may be of some diagnostic vidue Iiy direct- 
ing attention to the fiossibility of pulmon- 
ary coinplic.'ition,s in cases where right 
ventricular failure develojis prominently 
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in the course of myocardial infarction. 

Persistent shock was present in 20 % of 
patients and was in all of them the main 
or contributory immediate cause of death. 
The present-day inadequate knowledge of 
the pathogenesis of shock in myocardial 
infarction does not permit a definite state- 
ment, as to whether shock is entirely due 
to myocardial insufficiency, or in part, to 
peripheral circulatory failure. It is there- 
fore not known whether it should be con- 
sidered as evidence of irreversible damage 
to the myocardium, or a complicating 
factor, which, perhaps, could be favorably 
influenced by treatment. 

Sudden death responsible for 25% of 
fatalities in this series is the most serious 
consequence of myocardial infarction. 
The mechanism of death in such cases is 
usually attributed to ventricular fibrilla- 
tion, although only in the rarest cases is 
actual proof of this arrhythmia available. 
Indirect evidence is based on animal ex- 
periments^ and on the high incidence of 
milder forms of arrhythmia preceding 
sudden death in patients with myocardial 
infarction. This has not been confirmed 
in the present series. It should also be 
pointed out that Weiss^ emphasized the 
importance of other mechanisms of sud- 
den death, related to overactive cardio- 
inhibitory reflexes. The few observations 
as to events immediately preceding sud- 
den death in this series suggests that the 
mechanism may be different in various 
cases. It is also noteworthy that sudden 
death was in a number of patients precipi- 
tated by activity. 

The importance of thrombo-embolic 
phenomena^’® as a fatal complication of 
myocardial infarction is fully confirmed 
in this series: 21% of patients died as a 
result of them, and 60% of cases had 
mural thrombi in the endocardium. 

Finally, cardiac rupture is a small but 
definite hazard of acute myocardial infarc- 
tion. The incidence of cardiac perforation 
in this series is comparable to that of other 
investigations. 

The most important point brought out 
in this report is the fact that at least 50 % 


of the patients who died during the acute 
stage of myocardial infarction had evi- 
dence of effective compensatory measures 
in the circulation and died because of 
secondary complications. This figure 
represents the most conservative estimate, 
for all patients in persistent shock and 
severe cardiac failure were assumed as 
representing irreversible cardiac damage, 
without consideration of the possibility 
that different therapy might have pre- 
vented a fatal outcome in some of them. 
It appears, then, that from the stand- 
point of pathologic changes and functional 
capacity of the myocardium, death is 
preventable in a large proportion of 
patients who survive the initial attack of 
pain of myocardial infarction. All pa- 
tients in this series underwent standard 
treatment for myocardial infarction, and 
it is obvious that more effective means of 
prevention of secondary complications 
are needed if the mortality from myo- 
cardial infarction is ever to reach the ir- 
reducible minimum. The recent intro- 
duction of anticoagulants in the treatment 
of myocardial infarctioffi" is a step in the 
right direction, but sequelee of myocardial 
infarction other than tlirombo-embolic 
phenomena are in need of investigation 
from the standpoint of prevention and 
treatment. 

Summary and Conclusions. 1. A series 
of 130 unselected cases of recent myo- 
cardial infarction found at autopsy was 
e.xamined. In 35 patients myocardial in- 
farction was a terminal event in otherwise 
seriously ill patients and was regarded as 
of little clinical interest. The remaining 
95 patients were apparently well prior to 
the onset of the myocardial infarction 
and were subjected to detailed analysis 
as “primary” myocardial infarction. 

2. The immediate cause of death in this 
group of 95 cases was: progressive circu- 
latory failure, with or vnthout shock, in 
28 cases; sudden death due to arrhythmia 
in 24 cases; embolic phenomena in 15 
cardiac rupture in 8 cases; secondary cor- 
onary thrombosis in 5 cases. In the 
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DIGITOXIN POISONING 

BEPORT OF 30 CASES 


By NATHAN FLAXMAN, M.D. 

ASSOCIATE IN MEDICINE, CHICAGO MEDICAL SCHOOL, 

AND THE MT. SINAI HOSPITAL 

CHICAGO, ILLINOIS 

(From the Department of Medicine, the Cook County and Manor Hospitals.) 


Modern digitalis is a very potent 
drug. Like its predecessors, since the 
time of Withering, it has well known 
symptoms and signs of overdosage, 
intoxication, or poisoning. Using ordi- 
nary doses and with ordinary care, 
the physician rarely has to contend 
with the problem of digitalis poisoning. 
Therefore, when he turns to and uses 
the most potent of all Digitalis pur- 
purea glucosides, digitoxin, in the rec- 
ommended dosage, and despite care 
he frequently encounters the symptoms 
and signs (mainly) of digitalis over- 
dosage, it is a problem that requires 
serious consideration. 

During the period from January 1, 
1947, to January 30, 1948, I had the 
unusual experience of seeing 30 pa- 
tients with digitoxin poisoning. None 
of the patients had received digitalis 
in any form previous to the administra- 
tion of the oral digitoxin in the recom- 
mended dosage. All of the physicians 
who treated these patients stated that 
the advised method and dosage for 
giving this digitalis glucoside were 
used, and that the alarming signs ap- 
peared early, from the 2nd to the lOdi 
day, ratlier than late. Electrocardio- 
grams were available in all instances, 
previous to, during, and after all the 
toxic manifestations had completely 
disappeared. 

Serious toxic manifestations seem to 
have been more frequently observed 
from die use of the digitalis glucosides 
than from die whole-leaf preparations.^ 
Since all my own work has been ^vith 


the whole-leaf digitalis preparations^ 
I may seem to be prejudiced in their 
favor. However, it seems clear that 
most of the difficulties encountered due 
to digitalis therapy result from the use 
of the isolated glucosides. The inci- 
dence of digitalis poisoning has risen 
in direct relation to the increased use 
of these glucosides.'^ 

Over a period of 15 years, die last 
8 associated with a large medical serv- 
ice at the Cook County Hospital (the 
Ward 61 service of Dr. Harry J. Isaacs), 
the writer has encountered digitalis 
poisoning infrequently. If one such 
case was seen a year, it was considered 
a “find” for teaching purposes. Most 
often it was present in a patient widi 
long-standing decompensated rheu- 
matic heart disease: mitral stenosis, 
insufficiency, and amricular fibrillation, 
and who would show a bigeminy with 
long, continued digitahs therapy. Con- 
sidering the large number of cardiac 
patients seen and the length of time 
treated, the margin of safety ividi die 
whole-leaf digitalis preparations must 
be very great to account for the in- 
frequency of symptoms and signs of 
overdosage. Until late in 1946 the 
common symptoms and signs of digi- 
talis overdosage which I saw were 
anorexia, nausea and vomiting, occa- 
sionally widi, but most often ividiout, 
bigeminy, or a marked sinus brady- 
cardia widiout symptoms. I had yet 
to see auricular fibrillation, auriculo- 
ventricular block, partial heartblock, 
sinus arrest, and paroxysmal ventricular 

( 179 ) 
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tachycardia as manifestations of digi- 
talis poisoning. Late in 1946 and 
early in 1947, when many switched to 
the isolated digitalis glucoside prepara- 
tions, cases of digitoxin poisoning be- 
gan to appear. 

Age, Sex and Color. A total of 30 
such patients have been seen in 13 
months. Their clinical data are the 
subject of this report. There were 17 
(oBfo) females and 13 (44%) males, all 
white, whose ages varied from 21 to 72 
years. The average age was 55 years. 
All were educated, intelligent individ- 
uals, with whom there had been no 
difficulty in either understanding the 
instructions or in the taking of the pre- 
scribed digitoxin preparations. In the 
series of 44 cases reported by Herrmann 
et al.‘ 25 were Negro patients, so tliat 


of die cardiac mecham’sm, as 20 (66.6%) 
had no symptoms of digitoxin poi- 
soning. The otlier 10 complained of 
anorexia, nausea, vomiting, weakness 
and fatigue, symptoms which had not 
been present pre\ious to the digitoxin 
administration. No instances of diar- 
rhea, yellow vision, or scotoma were 
seen. All the patients had regular 
rhj'tlim at the time congestive failure 
occurred and .when the administration 
of digitoxin was started. In the 44 
cases reported by Herrmann and his 
associates,' die most common disorder 
of cardiac action was paroxysmal 
tachycardia with auriculoventricular 
block (20 cases). Among my 30 cases, 
die 2 chief findings were premature ^ 
contractions and auricular fibrillation 
(Table 1). Bigeminy,® the clinical sign 


TABLE 1. 

Elcctrocardiograpliic Signs in 30 Cases of Digitoxin Poisoning 

Premature Contractions 

Irregular 

Bigeniiny 

Auricular Fibrillation 

Auriculoventricular Block 

S-T and T depressed 

Alone 

Sinus Bradycardia 

Partial Heart-Block (P-H prolonged beyond 0.24 sec.) 

Sinus .Arrest (Dropped Beats) 

Paroxysmal Ventricular Tacli>'cardia 


the authors felt that this might account 
for failure to understand or observe 
directions. 

Types of Heart Disease. The types 
of heart disease associated with the 
congestive heart failure, for which the 
digitoxin had been given, were not 
significant. There were 7 with rheu- 
niafic heart disease, 7 hypertensives, 
7 hypertcnsise-coronary cases and 1 
with no heart disease. The hyperten- 
sives, either alone or in combination 
with arteriosclerotic (coronary) heart 
disease, were most common, as has 
been shown pres'iously.' 

Symptoms and Signs. Those noted 
in the 30 patients were mainly disorders 


11 

5 

6 
10 

5 
19 

6 
4 
4 
2 
1 

most often associated with overdigitali- 
zation, was noted in 6 (20%) of the 30 
patients. S-T and T wave depression, 
the electrocardiographic sign most fre- 
quently seen with digitalis os erdosage, 
was found in 19 cases, but this was the 
sole graphic abnormality in only 6 
of the 19. 

Only 2 deaths occurred among tlic 
30 patients, 1 due to paroxysmal 
ventricular tachycardia and the other 
with auricular fibrillation and higemin)’. 
The low mortality was due to the 
awareness of the physicians treating 
these patients, hut .some of the doctors 
were greatly surprised, and chagriticcl. 
that such serious cardiac disorders oc- 
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curred without symptoms on the usual- 
ly advised dosage of the digitoxin prep- 
arations. 

Discussion. Although this report 
presents only 30 instances of digitoxin 
poisoning, it may serve to emphasize 
certain points. All of the patients 
were treated by the so-called latest 
development in digitalis therapy (yet 
digitoxin was first described as long 
ago as in 1869 by Nativelle).® The 
potency of digitoxin orally administered 
is approximately 1000 times that of 
U.S.P. digitalis leaf; 0.1 mg. digitoxin 
is equivalent to 0.1 gm. (gr. iss) whole- 
leaf digitalis and to 1 U.S.P. XII Digi- 
talis Unit. Warnings were issued®>^>^® 
on U.S.P. XI Digitalis, which became 
U.S.P. XII in most instances, that the 
potency of digitalis was increased clini- 
cally about 50%. Many pharmaceuti- 
cal manufacturers then advised a main- 
tenance dose of whole-leaf digitalis of 
about gr. %. Now when these same 
pharmaceutical houses oifer and pro- 
mote very vigorously a 0.1 mg. tablet 
of digitoxin, considered as equivalent 
to 1 U.S.P. XII Digitalis Unit (which 
in turn ranges anywhere from gr. ss to 
gr. iss depending on the source, purity, 
and standardization of each whole-leaf 
preparation) the confusion becomes 
greater than ever. Even by adhering 
to all the directions and instructions 
issued with the digitoxin preparations, 
one is still not able to avoid intoxica- 
tion and poisoning. 

Digitoxin also has a peculiar action 
on the sinus rate. Braun and Wosika,^ 
quoting Oettel, emphasized tlie so- 
called “paradoxical action” of the digi- 
talis glucosides (an increase in tlie 
sinus rate and the appearance of ectopic 
beats). Most recently, Stone^“ reported 
a case of auricular tachycardia and 
amiculo-venti'icular dissociation follow- 
ing 1.2 mg. of digitoxin (orally) in one 
dose, a combination which I have not 
encountered to date. In his patient, 
a man weighing 125 pounds, 1.2 mg. 
of digitoxin was considered excessive 


as the initial oral digitalizing dose. 
When part of the 1,2 mg. was elimi- 
nated the auricular tachycardia and A-V 
dissociation disappeared, but there was 
still evidence of toxicity in tlie pro- 
longation of the P-R interval to 0.28 
sec. Because of the high percentage of 
toxicity in their cases, Batterman and 
De Graff"^ recommended that digitoxin 
be made available in 0.05 mg. tablets. 
Since the recommended oral dose is 
1.2 to 1.5 mg. at intervals of 4 to 6 
hours, followed by a daily maintenance 
dose of 0.1 to 0.2 mg., their excellent 
suggestion would make possible the 
halving of the dosage. 

From such experience it would seem 
that considerable caution needs to be 
used in tlie treatment of patients with 
congestive heart failure with the digi- 
toxin preparations. Purified glucosides 
will not result in a more efficient or 
safer digitalization,^ It might be safest 
to use a good whole-leaf preparation of 
Digitalis purpurea or lauata, since it 
has been shown to be the drug of 
choice for routine use.“ It may be 
old-fashioned, but it certainly has a 
much greater factor of safety. At least 
the warning symptoms and signs of 
whole-leaf digitalis overdosage, infre- 
quently as tliey occur, are easily rec- 
ognized clinically. 

Whenever digitoxin is used in the 
treatment of congestive heart failure, 
the appearance of signs of cardiac dis- 
order must be watched for carefully, 
not only clinically but witli the elec- 
trocardiograph, and such appearance 
should call for the immediate discon- 
tinuance of tlie drug. 

Summary. 1. In 13 months digi- 
toxin poisoning was seen in 30 patients 
who had received the regularly pre- 
scribed doses of this isolated digitalis 
glucoside. 

2. The age and sex of the patient 
or tlie type of underljing heart disease 
had no relation to tlie occurrence of 
the digitoxin poisoning. 
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3. Sj’mptoms, such as are known to 
be due to digitalis overdosage, occurred 
infrequently in these patients. 

4. Signs of disorders of the cardiac 
mechanism, especially the more serious 
conduction disturbances, were tlie earli- 
est and most frequent clinical and elec- 
trocardiographic manifestations in these 
cases of digitoxin poisoning. 

5. Considerable caution should be 


e.vercised in the administration of tlie 
digitoxin preparations in the regularl)- 
adsnsed dosage and form to anj' pa- 
tient suffering wtli congestive heart 
failure, because the action may be 
rapidly intoxicating to tlie cardiac mus- 
culature and its conduction system. 

6. The factor of safety for this par- 
ticular Digitalis purpurea glucoside 
seems to be extremely narrow. 
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Multiple myeloma is a fairly com- 
mon, progressive, fatal disease. No 
therapy used has been curative. Treat- 
ment with X-ray has been useful, but 
it has been only palliatii^e and does not 
always relieve the pain which is often 
the most disabling feature of the dis- 
ease. Snapper^’^ has recently reported 
that the injection of stilbamidine exerts 
a favorable influence on the pain in 
many cases of multiple myeloma. His 
report emphasizes that the disease is 
not cm'ed; however, relief from pain 
has persisted for many months. 

Snapper and his associates-’®’'*’''’ also 
observed that basophilic cytoplasmic 
precipitates appear in myeloma cells 
following treatment with stilbamidine. 
This observation is of great interest, 
and it may be one of great value in the 
study of this disease as well as others 
in which protein metabolism has been 
disturbed. Histochemical studies dem- 
onstrated that these basophilic granules 
contain a conjugation product of ribose 
nucleic acid and stilbamidine. 

Material and Methods. Four cases of 
multiple myeloma are presented in this 
report. In each case, the diagnosis was 
proved by sternal marrow aspiration, tis- 


tue biopsy, or postmortem examination. 
Three of the cases were from the hemato- 
logy service of the Veterans Administra- 
tion Hospital, Portland, Oregon, and one 
case was from the hematology service. 
University Hospitals and Clinics, Univer- 
sity of Oregon Medical School, Portland, 
Oregon. 

All of these cases were treated with 
stilbamidine. The procedure outlined by 
Snapper® was followed closely. For each 
injection, the compound was dissolved in 
10 ml. of distilled water and given within 
a short time of its preparation, since 
the solution must be administered while 
fresh. An initial intravenous injection of 
50 mg. was given, followed 2 days later 
by an injection of 100 mg. Subsequently, 
150 mg. intravenous injections were given 
eveiy other day. The patients were hos- 
pitalized for the course of treatment. 
Since a diet low in animal protein is an 
essential part of the treatment, hospital 
dieticians supervised the diets daily. 

Reactions to stilbamidine are mild. 
Those which occur early are vasomotor 
phenomena, a fall in blood pressure, sweat- 
ing, nausea, vomiting, and venous throm- 
bosis at the site of injection. The ad- 
ministration of 1/150 grain of atropine 
sulphate hypodermically before each in- 
jection dissipated many of tliese reactions. 
Adrenalin was found to be ineffectii’e 


* Published with tire permission of the Chief Medical Director, Department of Medicine and 
Surgery, Veterans Administration, who assumes no responsibihty for the opinions e-vpressed 
or conclusions drawn by the authors. ^ 

tThe stilbamidine used in this study was supplied by Merck and Company, Inc., Rahway. 
N. J., through the courtesy of Dr. D. F. Robertson. It is a diamidine compound, 4,4-dia- 
midinostilbene, \vith the formula 

NH,^ NH= 

C - Cr,H4CH=CH - C«H. - C 
NH^ ^NH 
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in combatting them. Dissociated trigemi- 
nal ner\'e anesthesia, a later toxic sign, was 
not noted in this group of cases. 

Chronic renal disease is a contraindication 
to therapy with stilbamidine. One case 
(number 2) demonstrated a mild degree of 
renal impairment, but it was not felt to 
be of sufficient severity to warrant with- 
holding the drug. 

Sternal marrow aspirations were per- 
formed before the course of treatment 
with stilbamidine was started and follow- 
ing its completion. The marrow smears 
were stained with Wright’s stain and by 
the modified Giemsa technique proposed 
by Snapper and his associates^ for the 
demonstration of the basophilic cytoplas- 
mic inclusion bodies in tlie myeloma cells. 

Case Reports. The following 4 cases 
were treated with stilbamidine injections 
combined with a diet low' in animal pro- 
tein. 

Case 1. \V. a 35-year old white 
male, felt perfectly well until ^fay, 1946, 
when he developed pain in the lower part 
of his back while lifting a heavy boat. 
He was able to do light work until the 
middle of June, 1946, at w'hich time he 
iiegan to notice that his legs were w-eak. 
He was admitted to the U. S. Naval 
Hospital, Seattle, Washington, in July. 
1946, where radiograms of the spine re- 
vealed multiple bony involvement of an 
osteolytic character and a pathologic frac- 
ture of the 8th dorsal s’crtcbra. He re- 
ceived a short course of radiation therapy 
and was tlien transferred to the Veterans 
Hospit.il, Portland, Oregon, on August 28, 
1946. .At this time, he complained of 
increasing weakness, more severe pain 
radiating from the back anteriorly, and 
pain on movement of his hips. 

Examination on admission revealed a 
pale itidividtial who appeared to be in a 
grc.it de.al of pain. There w.as tendcniess 
over the hivver dorsal and hnnhar spine. 
There was no evidence of involvement of 
the spin.il cord or of the peripfieral nerx'ons 
N\ steal. 

!fis red blood count was 2.9 million and 
his hcmre'liibin .55'! . Tht* total white 
fsiunt w.is .'l.fiOti. witli a normal 
dd’ereati.d tel! count. The scdirnenta- 
ti on r.ite w.is ,■}■} intn, p-T hour (Wintrolie). 
dll" s*-niru c.dcium w.is 1.5 mC- per 100 


ml., phosphorus 2.7, acid phosphatase 6.2, 
and alkaline phosphatase 20.2. The serum 
total protein level was 6.3 gm. per 100 
ml., w'ith 4.8 gm. of albumin, 1.7 gm. of 
globulin, and an A/G ratio of 2.8 to 1. 
The urine did not contain Bence-Jones 
protein. Sternal marrow' aspiration re- 
vealed 78% plasma cells, 14% staff cells, 
7% neutrophils, 3% lymphocytes, and 
4% nucleated red cells. 

Radiograms of tlie spine revealed a 
multiple bone involvement with compres- 
sion collapse of the 7th and 8th dorsal 
vertebrae, and all the lumbar vertebrae. 
There was also widespread involvement of 
the skull, the scapulae, the humeri, and 
the femurs. 

He received a short course of urethane 
during October and November, 1946, but 
it w'as discontinued because of his per- 
sistent vomiting. On May 3, 1947, a 
course of stilbamidine was started. He 
W’as given a total of 30 intravenous in- 
jections on alternate days up to a final 
dosage of 4.5 gm. 

His hospital course was progressively 
dow'nhill. His blood count dropped con- 
tinuously despite repeated transfusions of 
whole blood, and his final red blood cell 
count was 1.2 million and bis hemoglobin 
27%. His pain became more sex’cre. 
On July 14, 1947, he lapsed rather ab- 
ruptly into coma. He .showed athetoid 
movements, but there were no localizing 
signs. He died 2 days later. 

Postmortem examination confirmed the 
w'idespread bon\’ involvement demon- 
strated by X-ray. In many areas there 
was complete destruction of ossens stnic- 
turcs by plasma cell tumors. There was 
no evidence of regression of the process 
noted at necropsy. The myeloma cells 
contained basophilic cytoplasmic gran- 
ules. 

Case 2. R. T., a 45-ycar old colored 
female, felt perfectly well until .Scptein- 
hcr, 19-16, when she developed pain in 
her left arm wliilc picking beans. Tlio p.iin 
w.as progressis'c. worse at night, and made 
it difficult for her to grip objects tightly 
in her left hand. .She also complained of 
numbness of the left arm. She was ex- 
amined at the Universit>' of Oregon .Med- 
ical Schfxil Oijtp.atient Clinic on .Sepleni- 
lier 13. 1916. and admitted to Mult- 
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nomah County Hospital. A neurologic 
examination revealed no sensory or motor 
changes. A lumbar puncture several days 
later revealed normal cerobrospinal fluid 
and dynamics. Radiograms of the wrist 
and hand showed no abnormalities. She 
was discharged from the hospital with the 
diagnosis of arthritis. While being fol- 
lowed in the Outpatient Clinic, she de- 
veloped a severe anemia and was read- 
mitted to the Multnomah County Hospi- 
tal for several days for a transfusion of 
whole blood. She did not improve with 
therapy designed to combat her "arthritis” 
and anemia. She developed increasingly 
severe pain in the right shoulder, right 
hip, and right knee, and was readmitted 
to the Multnomah County Hospital on 
February 7, 1947. 

On admission to the hospital, she ap- 
peared to suffer a great deal of pain with 
movement. Her mucos membranes were 
pale, and she was unable to move her 
right hand. Her red blood cell count 
was 3.0 million and hemoglobin 66^. 
The total white blood cell count was 
6,200, with a normal differential cell 
count. The sedimentation rate reached 
77 mm. per hour. The serum calcium 
was 15 mg. per 100 ml., serum phos- 
phorus 5, and acid phosphatase 10.2. 
The semm total protein level was 6.9 gm. 
per 100 ml., with 4.8 gm. of albumin, 2.1 
gm. of globulin, and an A/G ratio of 2.3 
to 1. The Congo red test showed disap- 
pearance of 39% of the dye in 1 hour. 
The urine contained Bence-Jones protein. 
The specific gravity of the urine varied 
between 1.007 and 1.014; the urine was 
otheiwise nonnal. The blood urea nitro- 
gen was 28 to 48 mg. per 100 ml. Ster- 
nal marrow aspiration revealed only 3% 
plasma cells. Sternal biopsy confirmed 
the diagnosis of multiple myeloma. 
Radiograms of the right shoulder, right 
arm, skull, and pelvis revealed marked 
osteolytic involvement with tj^pical 
punched out areas. 

A course of stilbamidine was started on 
February 26, 1947. She reacted rather 
severely to the compound, and it was fre- 
quently necessary to space her doses 
farther tlian 2 days apart. However, she 
received a total of 13 intravenous injec- 
tions, totaling 1.8 gm., over a period of 


6 weeks, ending on April 11, 1947. After 
the 3rd injection, she noticed a tem- 
porary cessation of her discomfort, but the 
pain soon returned and became more 
severe. 

While she was receiving tire stilbam- 
idine, she developed a lesion on her ton- 
gue wliich was thought to be myelomatous, 
but a biopsy of the area revealed only 
focal ulceration. She became aphonic 
shortly afterward, and direct examination 
of her vocal cords showed a central tj^pe 
paralysis. Following this episode, her 
course was progressively downhill, and 
she expired on April 22, 1947, death 
apparently due to asphyxia. Autopsy was 
not permitted. 

Case 3. J. M. L., a 28-year old white 
male, developed disabling pains in the 
lumbar region in October, 1943, and was 
admitted to an army hospital. After 3 
months, he suddenly developed paralysis 
of his legs below the hips. A laminectomy 
was performed, and he recovered move- 
ment in die light leg but the left remained 
completely paralyzed. Examination of a 
biopsy specimen of the osseus lesion 
proved it to be a myeloma or plasma- 
cytoma, presumably solitary. Urinary con- 
trol remained somewhat impaired, but 
rectal function was good. He was a 
wheelchair patient in several hospitals 
until September, 1946, when his wheel- 
chair tipped over. Following this, for 
the first time he noticed pain at the root 
of his neck, and numbness of die thumb 
which gradually spread to involve all the 
fingers of the left hand. He also com- 
plained of numbness of the ulnar aspect 
of the right hand. 

Examination on admission to the Veter- 
ans Administration Hospital, Portland, 
Oregon, on February 27, 1947, revealed 
a well nourished male who suffered 
marked pain on any movement. There 
was weakness and clonus of the right leg 
and ankle, complete paralysis, clonus, and 
a positive Babinski on the left leg, and 
sensation was diminished over both legs. 
There was diminished sensation over die 
entire arm and the ulnar portion of the 
right arm, and there was a positive Hoff- 
man’s sign on the left. 

His red blood cell count was 4.9 million 
and hemoglobin 87%. The total white 
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blood cell count was 8,100, wth a normal 
differential, cell count. The sedimentation 
rate was 37 mm. per hour (Wintrobe). 
The serum calcium was 9.7 mg. per 100 
ml., the phosphorus 3.75 mg., and the 
alkaline phosphatase 16.6 mg. The serum 
total protein was 7.2 gm. per 100 ml., 
with 4.2 gm. of albumin, 3.0 gm. of 
globulin, and an A/G ratio of 1.4 : 1. 
The urine contained Bence-Jones protein. 
Sternal marrow aspiration revealed' 4^ 
plasma cells, 2% myeloblasts, 5% pro- 
myelocytes, 8% myelocytes, 10% meta- 
myelocytes, 17% staff cells, 25% neutro- 
phils, 14% lymphocytes, and 15% nu- 
cleated red cells. 

Radiograms of tlie cer\acal and dorsal 
spine revealed extensive bone destruction, 
and similar areas of destruction were dem- 
onstrated in the skull, ribs, and pelvis. 
The multiple nature of his diseases was 
apparent in these films. 

During April, 1947, he received a course 
of radiation therapy to the cem'cal spine. 
After 1500 r, he e.xperienced slight re- 
lief of pain, and he regained considerable 
strength in the left arm. 

On ^^ay 3, 1947, a course of stil- 
bamidine was started. He was given a 
total of 30 intravenous injections, on al- 
ternate days, up to a final dosage of 4.5 
gm. 

He continued to have severe pain in 
his back, and in addition, he had severe 
cramping abdominal pains which were 
apparently due to intramural tumors of 
the ascending colon and to a massive 
myclornatons enlargement of the medial 
surface of the left wing of the ilium. 
Ilis course w.is continually dowmward, 
and he e.xpircd on October 5, 1947. 
Autopsy was not permitted. 

Case 4. K. M. E., a 61-ycar old white 
male, was in good health until May, 1945, 
when he was involved in an automobile 
accident in which several dorsal vertebrae 
wen* fractured. In June, 1916. he devel- 
oped severe pain in the middle of his 
b.ack which radiated to the anterior chest 
and lower ribs. This pain has persisted 
to tli>* jiresent time. A sternal marrow 
asplr.itii>r! was don-.- in October, 194G, 
.and a diagnosis of multiple myeloma was 
m?d‘‘. H-' has h-“en hospitalirerl most of 

th'* fi:ne since Nos'crnher, 1910, first at 


Madigan General Hospital, Tacoma, Wash- 
ington, and later at the Veterans Adminis- 
tration Hospital, Portland, Oregon, where 
he is still a patient. 

Examination on admission to the ^^eter- 
ans Administration Hospital on June 13, 
1947, revealed an obese indhidual, quite 
comfortable at bedrest but complaining 
of great pain with movement. There was 
tenderness over the dorsal vertebrae and 
several of the ribs, and there was crepita- 
tion suggestive of rib fractures. There 
was diminished sensation over the radial 
aspect of his left hand and forearm. 

His red blood cell count was 3.4 mil- 
lion, with 68% hemoglobin. The total 
white blood cell count was 6,800, with 
51% lymphocytes, 44% granulocytes, and 
5% eosinophils. The sedimentation rate 
was 63 mm. per hour (Vfintrobe). The 
serum calcium was 12.5 gm. per 100 ml., 
the phosphorus 4.0, acid phosphatase 7.6. 
and alkaline phosphatase 28.5. The senim 
total protein level was 8.4 gm. per 100 
ml., with 4.35 gm. of albumin, 4.05 gm. 
of globulin, and an A/G ratio of 1.07 to 1. 
The urine did not contain Bence-Jones 
protein. Sternal marrow aspiration re- 
vealed 37 % plasma cells, 7 % myeloblasts, 
3% myelocytes, 4% metamyelocytes, 6% 
staff cells, 8% neutrophils, 24% lympho- 
cytes, and 11% nucleated, red cells. 

Radiograms of the entire vertebral 
column, pelvis, and skull revealed a dif- 
fuse process of extreme deminemlization 
of all the bony structures. In the pelvis, 
dierc were large circular areas of bone 
destruction, and throughout the entire 
skeletal system there was riddling of small 
varj’ing-sizc circular punched-out areas. 
This was true also of the skull and all 
of the ribs. The vertebral bodies .showed 
varying degrees of collapse. 

On June 30, 1947, a course of stil- 
bamidine was started, and he received a 
total of 30 intravenous injections, on alter- 
nate days, up to a final dosage of 4.5 gm- 
Bone marrow smears after treatment w.rs 
completed revealed the typical basophilic 
cytoplasmic granules in the myeloma cells- 

His pain has become progressively rnnn' 
ses'cre, and he is almost completely bed- 
ridden because of it. Ili.s anemia has 
bc-come more marked. 

Discussion. Bone pain was the out- 
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standing symptom of which each of 
tlie patients complained; 2 had fairly 
severe pain and 2 had only mild pain. 
Additional patients without pain were 
not ti’eated. This series of cases was 
otherwise unselected. In only 1 in- 
stance was pain actually relieved, and 
this relief was .only transitory. The 
3 patients who expired were not re- 
garded as being terminal when treat- 
ment with stilbamidine was started. 

Sternal marrow aspirations were 
done on each case following the com- 
pletion of the course of treatment witli 
tlie drug. Tliree of die cases received 
a total of 4.5 gm., and 1 received 1.8 
gm. Basophilic cytoplasmic inclusion 
bodies were found in die myeloma cells 
of 3 of the cases. Case No. 3 did not 
have enough myeloma cells in liis 
sternal marrow smear to demonstrate 
granules, and, as a postmortem examin- 


ation was not done, die tissues were 
not analyzed for die presence of stil- 
bamidine^. ' Since no aspirations were 
performed until after the treatment had 
been completed, an estimation of die 
amount of drug necessary to produce 
inclusion bodies in die myeloma cells 
was not made. This was studied by 
Snapper and his associates. 

Summary and Conclusions. Four 
patients with multiple myeloma were 
treated with stilbamidine. None of 
them received any degree of persistent 
symptomatic relief, and diere was no 
evidence tiiat die progress of the dis- 
ease had been checked in any of die 
patients. Tln-ee of the patients ex- 
pired within a short time after dieir 
course of treatment had been com- 
pleted. Basophilic cytoplasmic gran- 
ules were found in die myeloma cells 
following treatment with stilbamidine. 
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Shortly after tlie discovery of secre- 
tin and its effects on the pancreas it 
was found that e.xtracts of intestinal 
mucosa also had cholagogue and cho- 
leretic effects. The cholagogue action 
has in recent years been studied in sev- 
eral laboratories and. mainly through 
the efforts of Ivy and his co-workers 
(1928, 1937), has been found to be due 
to an active principle of the small in- 
testine cholecystokinin) which is dis- 
tinct from secretin. The choleretic 
action of intestinal extracts is prob- 
ably due to at least 2 distinct principles 
(Friedman and Snape, 1945). One of 
these has been designated hepatocrinin; 
it stimulates the liver to secrete bile 
but is without effect on the pancreas. 
The other is secretin, which excites 
both the liver and the pancreas. Evi- 
dence that purified preparations of 
secretin excite the flow of liver bile as 
well as pancreatic juice has been offer- 
ed bv Mellanbv (1927, Still, McBean 
ami liies (1931-.32). Agren (1934). Fried- 
man and Snape (1945), and others. The 
secretii! prepared by the jirocedure of 
hViedman and Thomas (1947) has been 
fontid to h.'ive the dual effect on the 
liver ami pancreas which other in- 
vestigators have reported for secretin 
j)repar«’(l bv’ dilierenf jirocediires (Pin- 
cns. I'^rieilnian. Snape. ami King, 19 IS). 

Toe jirop. rty of s. cretin to stimii- 

( I V ' 


late the flow of liver bile as well 
as the flow of pancreatic juice has 
been utilized as a test of gall bladder 
function (Agren and Lagerlof, 1937; 
Diamond, Siegel, and Myerson, 1940). 
In the normal subject the increased 
amount of bile secreted by the liver 
following secretin administration is 
taken up by the gall bladder where it 
is subjected to concentration. Follow- 
ing secretin injection the duodenal con- 
tent thus consists mainly of pancrea- 
tic juice and occasionally some bile. 
The icterus index curv'e of the duo- 
denal content shows only an occasional 
high point after the secretin injection 
and is generally of the configuration 
shown by Figs. lA or IB or some 
variant of these. 

In individuals vv'ith cholecystectomy 
the storage space for the secretin-stim- 
ulated liver bile is absent and con- 
sequently the bile flows directly info 
the intestine so that all samples of 
duodenal content consist of pancreatic 
juice with a high color index (Fig. 2A). 
In the patient with a non-functionintl 
gall bladder the condition is essentially 
similar to that in the cholecystectomy 

jiatient, in that the secretin-sfimiilafed 

liver bile enters directly into the duo- 
deiiuin (Fig. ■3.’\). 

In the patinit with obstruction of 
the bile ducts there is complete alisenc'- 
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of bile pigment from the intestinal con- In tlie present study the secretin 
tents (Fig. 4A). In such cases there test was used on 64 patients. Except 
is, of course, tlie obvious jaundice, for 10 patients with cholecystectomy, 
In non-obstructive jaundice of hepatic each patient also had a thorough radio- 
origin tliere is usually a normal type logic examination of tlie gall bladder, 
of bihary pigment curve for the in- The correlation between the findings 
testinal content, except when hepatic of tlie 2 tests is reported. For the 
damage is severe enough to interfere purpose of this study it is necessary to 
■witli the secretory functions of the emphasize that the secretin used was 
liver. free from cholagogic effect as deter- 



Figs. lA, IB, 2A, — 4A. Bile pigment indices of duodennl contents. (See te.xt for details.) 


Agren and Lagerlof (1937), Elvin 
(1939), and Diamond, Siegel, and 
Myerson (1940) were among tlie first 
investigators to use secretin as a test 
of gall bladder function. They, as well 
as Pollard, Miller, and Brewer (1942), 
and Andrus, Lord, and Lake (1942) 
found the test to accord well with die 
clinical findings. In most of the 
patients studied cholecystographic e.x- 
aniination was not performed. 


mined by the method of Snape, Fried- 
man, and Thomas (1948). 

Methods. Subjects selected for study 
were volunteers, ambulatory patients at- 
tending various out-patient clinics of the 
hospital, and patients from tlie medical 
and surgical wards. The subjects pre- 
sented themselves in the Gastro-intestinal 
Clinic after an overnight fast. A double- 
lumen tube of the Lagerlof t>'pe was 
passed into the intestine and exact posi- 
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b'on of the tube checked by fluoroscopy. 
The gastric and duodenal contents were 
collected separately by continuous aspira- 
tion at a negative pressure of 30 to 50 
mm. Hg. In each case a basal control 
period of 20 to 30 minutes duration was 
instituted before injection of the secretin. 
Secretin, prepared by the procedure of 
Friedman and Thomas (1948) was then 
gi\ en intravenously at a dosage level of 
1.1 clinical units (Agren and Lagerlof, 
1936) per kilogram body weight. (In a 
few instances the standard dose of 80 
clinical units of secretin was given without 
reference to body weight; this was found 
to be equally satisfactory'). Constant 


serv’ed as an inde.x of gall bladder evacua- 
tion, and added another criterion of gall 
bladder function. 

Result. Tlie results of the secretin 
test and tlie cholecystogram are sum- 
marized in Table 1. Classification of 
the patients in tliis table is on the 
basis of clinical findings and pertinent 
laboratory data. 

Included among tlie 64 subjects 
studied were S patients witli diseases 
not referrable to tlie digestive system 
and 7 patients in whom e.xact diagnosis 
was not established. In 13 of these 


TABLE 1. 


Results of SecreUn Test and Cholecystogram in 64 Padents 



Xo. 

Both Tests 

Both Tests 

Clinical Diagnoses 

Cases 

Functioning 

Non-function 

Gastro-intestinal disease 

47 



Cholecystectomy 

10 


10* 

GaU bladder disease .' 

9 

2 

5 

Liver Disease 

2 

1 

1 

Pancreatitis 

11 

6 

4 

Ulcerative colitis 

7 

3 

1 

Diarrhea 

4 

3 


Miscellaneous 

6 

6 


NVn-paxiro-'mli’Stinnl <li.scases .... , 

8 



Psychoneuroscs 

.3 

3 


Miscellaneous 

5 

5 


Not diagnosed 

7 

5 


Total Number Cases 

64 

34 

21 


Disagreement 
between test* 


2 

1 

5 

1 


9 


*Only secretin tests were perfoniicd on the patients with cholecystectomy. 


a.spiration of the gastric and duodenal 
contents was continued for the ne.xt 60 
minutes, with the samples being divided 
into fractions collected at the end of 10, 
20. 40 and GO minutes. The bile pig- 
ment concentration in the duodenal drain- 
age material was determined by the 
method of .Malloy and Evelyn (1937). 

Radiologic visualization of the gall blad- 
der was performed with Prioda.x (beta- 
1 4-hydro\y-'3. .5-diiodophcnyl)-alpha-pro- 
pionic .'leid). This was given in dose of 3 
gin. after a light fat-free evening meal. 
Approsirn.itely 1.5 hours after the inges- 
tion of tile I’riodas, and while still fasting, 
the pati- nt was subjected to roentg<‘no- 
gr.tphy in the usu.d rn.umer. .After par- 
t.iling of .! fatty meal the patitml was 
rf'tmli'd roeiitg'-nograpliic.diy I hour 
1 itrr to (h terinino the amount of shrink- 
age of th • g.ill bl.idrler shadow. Tliis 


15 cases both the secretin test and the 
cholecystogram showed a functioning 
gall bladder. In the remaining 2 cases 
(Table 2: Miss A. M.; Miss H. M.) die 
cholecystogram was essentially normal 
but the secretin test (performed twice 
on each patient) showed the gall blad- 
der incapable of taking up all of the 
liver bile. 

In 10 of the patients, the gall blad- 
der had been removed surgically at 
.some time (3 months to 12 years) poor 
to our .study. Cholecysfograms were 
not taken in these patients. As might 
he expected, the secretin tests yielded 
intestinal cotitents of high icterus index 
(Fig. 2). Four of these patients were 
regarded as showing fiost-elmh'''.'' 
stectorny symptoms, but at the time <>• 
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study neither sphincteric spasm nor 
bile duct obstruction was suggested by 
the bile pigment curve of the intestinal 
contents. 

The diagnosis of gall bladder disease 
was estabhshed in 9 patients. In 5 
of these patients the secretin test and 


the roentgenographic findings agreed 
witli tlie cHnical diagnosis of non-func- 
tioning gall bladder. In 2 patients 
both the cholecystogram and tlie se- 
cretin test indicated good gall bladder 
function. In one patient tlie secretin 
test showed a non-functioning viscus, 


TABLE 2. 

Summary of Data in 9 Cases with Disagreement between Secretin Test Result and Cholecystro- 

gram. 

Miss A. M.: age 32, 115 lb. Right uretral stricture and ptosis of right kidney. Nor- 
mal cephalin-cholesterol flocculation. Other laboratoiy data negative. Cholecysto- 
gram April 2, 1947: gall bladder well visualized, and evacuates well. Secretin test 
Sept. 20, 1946, and March 28, 1947; gall bladder non-functioning on both occasions. 

Miss H. M.: age 35; 88 lb. Low grade fever of unknown origin. Possible uretro- 
pelvic stricture. Liver function test (bromsulphalein, cephalin-cholesterol flocculation, 
thymol turbidity, van den Bergh) all negative. Cholecystogram Nov. 15, 1946: gall 
bladder well visualized. Secretin test Sept. 30, 1946, and Oct. 4, 1946; gall bladder 
non-functioning on botli occasions. 

Mrs. A. A.: age 24; 134 lb. Cholecystitis and cholelithiasis. Right upper quadrant 
pain of colicky nature. Marked psychic overlay. Cholecystogram Oct. 17, 1946: gall 
bladder poorly visualized, floating calculi. Secretin test Oct. 11, 1946: gall bladder 
non-functioning. 

Mrs. O. H.; age 31; 105 lb. Cholecystitis and diabetes, chronic alcoholism. Acute 
pancreatitis, onset of symptoms Oct. 18, 1946. Cholecystogram Oct. 25, 1946: gall 
bladder non-functioning; repeated cholecystogram Oct. 30, 1946: gall bladder visual- 
ized, (calculi?). Secretin test Oct. 31, 1946: gall bladder non-functioning. 

Mr. G. P.: age 27; 135 lb. Pancreatic fibrosis and diabetes. Nocturnal diarrhea. 
Laboratory; histamine-resistant achlorhydria; spinal fluid protein 216, 264, 608 mg. 
per 100 cc. on 3 occasions; fasting blood sugar 380 mg. per lOOcc.: high fat content in 
stool; Wassermann negative. Cholecystogram Sept. 26, 1946: gall bladder not visualized. 
Secretin test Sept. 23, 1946 and April 30, 1947: functioning gall bladder on both oc- 
casions. Died October, 1947. Post-mortem findings: small firm pancreas witli con- 
gestion and fibrosis, no cysts. Call bladder normal, no stones, ducts patent. 

Mr. D. McG.: age 31; 124 lb. Non-specific ulcerative colitis without marked bowel 
frequency. Liver function tests negative, pancreatic function normal. Otlier labora- 
tory data negative. Cholecystogram June 17, 1947: gall bladder well visualized with 
good evacuation. Secretin test June 6, 1947: gallbladder non-functioning. 

Mr. J. A.: age 18; 136 lb. Non-specific ulcerative colitis without diarrhea. Liver 
and pancreatic functions normal. Urine negative. Cholecystogram June 24, 1947; 
gall bladder well visualized and evacuates well. Secretin test June 6, 1947: gall 
bladder non-functioning. 

Mrs. M. C.: age 42; 130 lb. Non-specific ulcerative colitis with marked tendency 
to constipation. Liver and pancreatic function tests negative. Cholecystogram Sept. 
29, 1947: gall bladder well visualized and evacuation good. Secretin test June 23, 
1947; gall bladder non-functioning. 

Mrs. C. D.: age 53, 89 lb. Non-tropical sprue, osteoporosis; diarrhea with large 
quantites stool fat. Serum phosphorus 1.85, serum calcium 6.8 mg. per 100 cc. Small 
bowel deficiency pattern by X-ray. Cholecystogram Jan. 22, 1947; faint shadow 
suggesting impaired gall bladder concentrating power. Secretin test Jan 3, 1947; gall 
bladder functioning. Died Aug. 15, 1947. Post-mortem findings: acute necrosis of 
fiver, atrophy of mucosa of stomach and ileum, pancreas normal, gall bladder large, 
thin, distended with bile, no bile duct obstructions. 
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which, although visualized roent- 
genologically, showed small calculi 
floating in the upper third (Table 2: 
Mrs. A. A.). In the 9th patient (Table 
2: Mrs. O. H.) a cholecystogram showed 
tlie gall bladder to be non-functioning; 
when repeated 5 days later the gall 
bladder could be visualized. The se- 
cretin test led to the conclusion that tlie 
gall bladder was not functioning. 

Two i^atients with jaundice at the 
time of tlie studies are included in the 
series. One patient gav'e a normal 
type of biliary pigment curve for in- 
testinal contents by the secretin test 
and showed a gall bladder which could 
be well visualized. The patient was 
believed to have a mild hepatitis which 
abated spontaneously' with disappear- 
ance of the jaundice in about ten day's. 
The other patient was suspected of 
having obstructive jaundice. Both 
tests showed the gall bladder to be 
non-functioning. At operation a car- 
cinoma of the head of the pancreas 
with involvement of the common duct 
and gall bladder was found. 

Eleven of the patients at the time of 
our study were diagnosed as having 
chronic pancreatic insufficiency'. In 7 
cases the diagnosis was confirmed by' 
biopsy or at operation or necropsy; in 
the other 4 cases the diagnosis was 
made on laboratorv findings (including 
the .secretin test for pancreatic func- 
tion). In 5 of these yiatients the cholccy- 
stngrain and secretin tests showed the 
gall liladder capable of concentration, 
while in 4 patients both tests agreed 
in showing a non-functioning gall blad- 
der. In I case with diarrhea the gall 
bladder could not be visualized radio- 
graifliically, but showed a normal type 
of bile pigment curve with the secretin 
tf‘st. The pertinent data in this pat- 
ient are shown in Table 2 (.Mr. G. P.). 

Of If) patients diagntised ns having 
gasfro-intcstitial disorders which did 
not insoKe pritn.irily the biliary tract. 


liv'er or pancreas, there was disagree- 
ment between the results of the 2 tests 
in 3 cases (Table 2: Mr. D. M. G.; Miss 
J. A.; and Mrs. M. C.). These 3 pat- 
ients were all among a group of 7 who 
had non-specific ulcerative colitis; in 
each tlie gall bladder was well visiilized 
but the secretin test suggested a non- 
functioning viscus. A 4th yiatient 
showed an abnormal gall bladder by 
both tests, while in the remaining 3 
ulcerative colitis patients tlie gall blad- 
der was considered normal by' both 
tests. 

Normal gall bladder functions were 
shown by botli tests in 2 patients wth 
diarrhea who gai'e no ei'idence of 
organic lesions of the colon or of 
pancreatic insufficiency'. In a 3rd pat- 
ient, diagnosed as having non-tropical 
sprue, the cholecy'stogram showed a 
faint gall bladder shadow suggesting 
impaired function, but the secretin 
test suggested a functioning organ 
(Table 2: -Mrs. C. D.). 

Discussion, The cholecystographic 
test and the secretin test are both 
measures of the gall bladder’s capacity 
to fill and concentrate hepatic bile. 
Interpretation of the results of each 
test must take into consideration the 
influence of certain factors, only some 
of which are common to both tests and 
some of which are not primarily de- 
pendent on tlie gall bladder. 

In the secretin test the period of 
observation is usually' 1 hour, while in 
the cholecy'stogram the time between 
ingestion of the Prioda.v and the roent- 
genologic study is between 15 and I** 
iiours. It is possible that in some 
cases a gall bladder with only a slight 
impairment in concentrating fimefions 
may during the 15 to 18 hours con 
centrate sufficient radio-opaque dye to 
make it visible rocntgenograpbically. 
and yet not remove during the I hour 
.secTctin test enough liver bile to alter 
appreciably the duodenal bile pigm< nf 
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index from that found in the cholecy- 
stectomy patient. Perhaps it may be 
significant that in 7 of the 9 studies in 
our present series which showed dis- 
agreement between the 2 tests, it was 
the secretin test that indicated the gall 
bladder to be “non-functioning.” 

In the patients with jaundice the 
recovery of colorless duodenal con- 
tents following secretin administration 
has been interpreted as indicating ob- 
struction of the biliary tract and that 
the secretory functions of the liver are 
not impaired. However, it must be 
borne in mind that in extensive liver 
damage the secretion of bile may be 
so reduced as to give also a colorless 
duodenal content. As has already been 
pointed out, (Golden, 1941), the excre- 
tion of radio-opaque dye by the dam- 
aged liver may be sufficiently reduced 
likewise to make interpretation of the 
cholecystogram difficult. 

Particularly important in the oral 
cholecystogram is the absorptive state 
of the intestine. When malabsorption 
is suspected, as in diarrhea of pancreatic 
origin, in coeliac disease, and in so- 
called idiopathic hypermotility of the 
bowel, the intravenous type of cho- 
lecystogram is suggested. Presumably, 
in such cases, the secretin test would be 
more informative than the oral cho- 
lecystogram. This is shown in cases G. 
P. and G. D. (Table 2): the secretin test 
in each was normal but the cholecysto- 
gram was not. At autopsy no evidence 
of gall bladder disease was found in 
either patient. 

Because of close anatomic and 
physiological relationships the biliary 
tract and pancreas frequently are 
found non-functioning in the same in- 
dividual. In the present series, 4 out 
of 11 cases with chronic pancreatitis 
were found to have non-functioning 


gall bladders while in anodier study 
of chronic pancreatic insufficiency 
Snape and Friedman (unpublished) 
concluded that die gall bladder was 
non-functioning in 8 out of 17 cases. 
The use of secretin has the advantage 
in that the functional states of bodi 
pancreas and gall bladder may be 
determined simultaneously. However, 
secretin as a test of gall bladder func- 
tion has its limitations in that it in- 
dicates only the capacity of the gall 
bladder to concenti-ate bile: the pres- 
ence of bile stones is shown only by 
radiologic studies. Microscopic ex- 
amination of the duodenal contents 
following secretin administration may 
be helpful. 

Conclusion and Summary. Gholecy- 
stographic and secretin tests of gall 
bladder function were performed in a 
series of 64 patients. In 55 patients 
the conclusions drawn from both tests 
were the same, while in 7 cases the 
findings from the secretin test dis- 
agreed with those from the cholecysto- 
gram. In 2 of these 7 cases tlie secre- 
tin test and subsequent autopsy both 
revealed the gall bladder to be normal, 
but the cholecystogram suggested a 
non-functioning organ. In 2 other 
cases the secretin test showed the gall 
bladder to be non-functioning: the 
gall bladder, while visualized, was seen 
to contain calculi. 

The secretin test showed a high de- 
gree of correlation with the chnical 
diagnoses. The secretin test is not 
suggested as a substitute for the much 
simpler procedure of cholecystographic 
examination. However, we think it is 
a useful supplement to the usual pro- 
cedures and recommend it when the 
data from the cholecystogram are dif- 
ficult to interpret. 


Aided by a grant from Incorporated. 

We are indebted to Dr. M. S. Lapusniak of the Gastroenterology Department of Graduate 
Hospital for the data on four patients included in this series. 
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Pseudomonas aeruginosa (B. pyo- 
eyaneus) is frequently found on normal 
skin and is commonly associated witli 
infection of the skin and the urinary 
tract. Rarely, tliis organism acquires 
more invasive properties, and produces 
widespread lesions^’^’®. In the case 
here reported an infection by pseudom- 
onas aeruginosa led to generalized 
sepsis with protracted involvement of 
many organs, and to massive endocar- 
ditis. The rarity of this condition 
prompts the present case report. 

Case report: G.S., a 40 year old white 
man, was admitted to the Service of Dr. 
I. S. Ravdin on 10-28-46 with complaint 
of severe abdominal pain. Eighteen days 
prior to admission he was dazed for 2—3 
hours following an automobile accident. 
For several years he has experienced 
episodes of hematemesis and 3 days after 
the accident he had vomited a quantity 
of bright red blood. The following day 
he experienced sharp severe epigastric 
pain which persisted until admission. No 
jaundice or elevation of temperature had 
been present. 

Physical examination revealed a blood 
pressure of 110/70, a rectal temperature 
of 101‘F, a pulse of 80, and respirations 
of 28 per minute. The patient was well 
developed and well nourished. He ap- 
peared to be acutely ill. The respirations 
were shallow; the heart sounds were good 
and tliere were no murmurs heard. The 
heart was not enlarged to percussion. 
The abdomen was distended; peristalsis 
was normal. There was generalized ab- 
dominal ■ tenderness, most marked in tlie 
epigastrium. 


Laboratory data: Hemoglobin 11.6 
grams WBC 100,800 per cu. mm. 
Serum amylase on admission was 400 
Somogyi units per cc. Three days later 
it reached 1218 units per cc. Urinalyses 
were repeatedly within normal limits. 

The symptoms persisted and the tem- 
perature ranged between 101 and 102.4 F. 
for the next 3 days. The clinical impres- 
sion was acute pancreatitis. 

Operation: On 11-2-46, four days af- 
ter admission, an exploratoiy laparotomy 
was performed. The pylorus and first 
portion of the duodenum appeared nor- 
mal. The pancreas was not swollen to 
palpation and there w5s no evidence of 
fat necrosis. At the root of die small 
bowel mesenteiy extending to the sacral 
promontory, a large mass of edematous 
tissue was present. Needle aspiration of 
this mass yielded cloudy fluid which was 
rich in amylase. A biopsy of the pos- 
terior peritoneal tissue showed the usual 
findings of inflammation. Culture from 
the biopsy site grew only a few diphthe- 
roids. The retroperitoneal area was 
drained transabdominally and the abdo- 
men closed. 

Treatment postoperatiyely included re- 
peated transfusions of whole blood, intra- 
muscular penicillin 37,500 units every 3 
hours and streptomycin 0.25 gm. every 
4 hours. Penicillin and streptomycin were 
stopped 4 days postoperatively because 
of die appearance of a sldn rash which 
subsided rapidly after the drugs were 
withdrawm. 

The postoperative course was marked 
by a septic temperature which lasted im- 
til 11-13-46. There was a rather copious 
watery drainage through the abdominal 

( 195 ) 
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drainage tract which contained over 3200 
units of amylase per cc. The drainage 
decreased gradually and the patient re- 
gained strength. He was discharged on 

11- 27-d6 with only slight drainage per- 
sisting. 

His course was uneventful until 

12- 29-46 when he suddenly e.vpeiienced 
severe epigastric pain which radiated 
through to the back. This pain remained 
constant for 4 days. Following this he 
was asymptomatic until 1-16-47 when a 
similar episode recurred and again sub- 
sided in a day or hvo. On 2-12-47 he 
was suddenh' stricken with severe baek 
pain which radiated to the left loin. This 
continued until admission on 2-14-47. 

Physical examination at this time re- 
vealed a blood pressure of 92/55, pulse 
of 72, and temperature of 9S.6. The pa- 
tient complained of considerable pain 
made worse by recumbency. Extreme 
abdominal tenderness and rigidity were 
present, especially in the mid-epigastrium. 
The lungs were normal. There was no 
cardiac enlargement and no murmurs were 
present. Heart rhythm was normal and 
the pulse was full and .slow. 

Laboratory data: Hemoglobin 13.6 
grams WBC 18,900 per cu. mm. with 
799r- neutrophils. Scrum amylase 275 
units per cc. Urinalysis was within normal 
limits. 

Operation: Laparotomy revealed a very 
much enlarged pancreas which along 
with the duodenum, and cystic and com- 
mon ducts was involved in an inflamma- 
tory mass. A great deal of edema was 
present in the retroperitoneal tissues, gall- 
bladder, and posterior gastric wall. No 
fat necrosis- was noted. The peritoneum 
was sj)1it and the head and tail of the 
panere.is drained with Penrose drains. Xo 
still). were palpated in the gallbladder. 

Treatment included intramuscular 
sirei)to:n\ cin 0 25 mu. and penicillin 100.- 
U^/0 units e’.ery 3 hours. 

The pmloperntive course w.is urievenf- 
lul. .ind he bec.une afebrile 4 d.iys after 
op- rati'in. Serum amylase ranged from 
O’, er 4t’0 units per cc. on 2-1,5-47 to 102 
units on 2-2V-57, cho! ingincram rfon*- 
I’ti 2-21- 17 slar.sed a Iart;e common duet 
•a. hi. eci'!. ', -.- of obstruc tion. On 

2 2o !7 p !!. r.-.iti'- -tudi'-. *!iiiv'nl ,1 <hs- 


sociation of enzymes: low am>'lase secre- 
tion avith tryiptase and lipase in the normal 
range. No response to urecholine oc- 
curred. This was interpreted^ as being 
tyipical of chronic pancreatitis. The pa- 
tient was discharged on 3-1-47 much 
improved. 

For about 2 months he was asympto- 
matic, but on 4-26-47 he was again 
stricken w’ith se\-ere abdominal pain and 
repeated s'omiting. He was again ad- 
mitted to the hospital. 

Physical e.xamination: Temperature 
98.2 F., Blood pressure 122/84. There 
was a suggestion of scleral ictenis. The 
heart was normal in size, and no thrills 
or murmurs were present. There was 
moderate tenderness and rigidity of the 
right upper abdominal quadrant. Peris- 
talsis w’as decreased. No organs or masses 
were palpated. 

Laboratory’ data were similar to those 
of the previous admission. In addition 
the Van den Bergh reaction was: Direct- 
immediate, Indirect 7.5 mg/c. Senim 
amylase was over 500 units per cc. 

The following day the jaundice rapidly 
deepened, the temperature rose to 104 F., 
and the blood pressure fell to 70/40. He 
vomited 300 cc. of dark brown material, 
and became somewhat dyspneic. A diag- 
nosis of recurrent pancreatitis, with sec- 
ondary cholangitis, was made. 

Operation: After the h>’potension was 
overcome by the use of transfusions of 
blood and plasma the abdomen urns again 
c.xplored. The gallbladder appeared 
;icutely inflamed and the fundus appeared 
to be almost gangrenous. The mucous 
membrane bled freely after the viscils 
was dccompre.s.scd. The duodenum w.as 
markedly edematous and the pancreas 
was firm but not enlarged. No other 
pathologic process was detected. Cho- 
iecystostomy was done. Peritoneal cul- 
ture showed uon-hemolytic streptococci 
and Pseudomon.'is aeniginosa. The latter 
organism was also grown from the gill- 
bl.iddcr bile. 

His postoperative condition was at fir'.*- 
jirecarious, luit after 10 days his febrih’ 
reaction gradir.illy subsided and his j.iun- 
(h'ce decreased. .S’enuri amylase decrcU'd 
from 85S .Sornoiyi units per cc. on fe< 
fust iKistoper.itis e das' to iiorm.d les'c.'. 
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a few days later. He was discharged afe- 
brile and without jaundice on 5-25-47 
with the cholecystostomy tube in place. 

He again did well until 6-3-47 when 
his temperature suddenly rose to 105.8 F. 
following a shaking chill. He had 3 sub- 
sequent chills in the next 6 days, and he 
was readmitted on 6-9-47. His only 
complaints were chills, fever and weak- 
ness. 

Physical examination: Blood pressure 
105/50; temperature 103.4 F.; pulse 118; 
respirations 34 per minute. He was 
slightly dyspneic. The lungs were clear 
and the heart appeared to be normal. 
There was slight epigastric tenderness 
and the cholecystostomy tube was drain- 
ing small amounts of bile. Peristalsis was 
normal. 

Laboratory data: Hemoglobin 8.9 gms. 
%; WBC 16,900 per cu. mm.; neutro- 
phils 81%; Van den Bergh: Direct im- 
mediate, Indirect 1.1 mg. %. 

Operation: The fever persisted, but his 
condition was certainly less acute than on 
any previous admission, and it was de- 
cided that a definitive operation should' 
be done at this time of relative quies- 
cence. On 6-13-47 the abdomen was 
again explored. The liver was large and 
soft and a liver abscess was suspected, 
but several needle aspirations in the liver 
substance yielded no pus. The pancreas 
was firmer than normal but not as swollen 
as at the last exploration. A cholecystec- 
tomy was done, and biopsy from the head 
of the pancreas was taken which proved 
to be normal pancreatic tissue. The com- 
m.on duct was normal in size, and no 
stones were palpated. 

Blood culture on the first postoperative 
day, 6-14-47, showed Pseudomonas aeru- 
ginosa in pure culture. Sensitivity tests 
of the pseudomonas organisms grown 
from the blood were as follows: Penicillin 
—not sensitive to 10 units per cc., strep- 
tomycin-sensitive to 500 to 1000 units 
per cc. 

His temperature ranged betv\^een 102 
and 104.8 F. tor the remainder of his 
course. On 6-15-47 a few iDetechiae were 
found in the palpebral conjunctivae, and 
slight ankle edema was noted. Intra- 
muscular penicillin 100,000 units every 
three hours was started on admission. 


The following day intramuscular strep- 
tomycin 0.25 gm. every three hours was 
also given. More conjunctival petechiae 
appeared on 6-16-47, and a sternal mar- 
row culture grew Pseudomonas aerugi- 
nosa. On 6-17-47 blowing systolic aortic 
and apical murmurs appeared, and slight 
cardiac enlargement was detected. It 
was obvious that his condition was not 
improving, and on the basis of the sen- 
sitivity studies on the offending organism, 
streptomycin was stopped. • Through the 
courtesy of Dr. Frank Meleny a pyocy- 
aneus phage (not autogenous) was ad- 
minstered beginning on 6-22-47. (One 
half cc. diluted 1:10 was given intraven- 
ously every 4 hours). Obvious signs of 
aortic regurgitation developed, and the 
course was steadily downhill. On 6-23-47 
petechiae appeared over the entire body. 
Despite all efforts at supportive treatment 
including digitalis he expired on 6-24-47. 

Autopsy (1 hour postmortem): The 
body was that of a well developed, well 
nourished white male weighing 71 kg., 
and measuring 178 cm. There was gen- 
eralized edema of trunk, genitalia, and 
extremities. Numerous conjunctival pete- 
chiae were noted. An upper midline ab- 
dominal surgical wound was present; this 
showed superficial dehiscence, but in its 
deeper portion it was firmly adherent to 
the liver. About 500 cc. of blood, both 
fluid and clotted, was present in the peri- 
toneal cavity. 

The heart weighed 440 grams. Its 
surface was studded with petechiae. 
There was a moderate degree of left vent- 
ricular enlargement, the wall measuring 
15 mm. in thickness. Engrafted upon the 
aortic valve were large, soft, pale, fleshy 
vegetations, up to 8 mm. in height, v'hich 
almost covered the cusps (Fig. 1). The 
left leaflet showed a perforation 3 mm. in 
diameter. No evidence of previous aortic 
valvular disease was noted. The other 
valves appeared normal. Microscopically, 
the endocardium was infiltrated with vari- 
ous types of inflammatory cells; plasma 
cells predominated, but neutrophils and 
eosinophils were also present in small 
numbers. In the myocardium w’ere scat- 
tered areas in which tlie muscle fibers 
were pale, granular, and vacuolated. In 
some of these areas there was a slight 



Fig. 2.— .Aortic cusp: In tlie center of the field, and toward the right, is a massive colony 
of Pseudomonas aeruginosa consisting of rod-shaped bacilli e.xtending radially. On tlie lelt 
is tissue reaction consisting of fibroblasts, Ijinphocytes and plasma cells. (Gram stain 720X)- 

infiltration of neutrophils, but in most e.xtended about some of the small ves- 
there was little response of inflammator\' sels. Section of the aortic vegetation 
cells. Plasma cells however were dif- showed a fibrin thrombus which contained 
fusely scattered through the myocardium, large masses of gram negative bacilli 
In the cpicardium. cuffs of plasma cells (Fig. 2). 
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Fig. 3.— Liver: There is extensive increase in periportal fibrous tissue with marked prolifera- 
tion of small bile ducts. This tissue is infiltrated witli plasma cells and lymphocytes. The 
hepatic cords are atrophic, and the sinusoids contain numerous inflammatory cells. (H and E, 

244X). 


Fig. 4.— Liver: The hepatic cords are shrunken and atrophic. Filling tlie sinusoids are 
large numbers of inflammatory cells, principally plasma cells. (H and E, 450 x). 



The lungs were in a state of passive 
congestion; no other alterations were 
detected. 

The liver weighed 4650 grams. In the 
dome were 3 separate abscesses, each 
approximately 25 mm. in diameter; tliey 
were thick-walled and contained yellow 
pus. Microscopically, the content of the 
abscesses was composed of necrotic de- 
bris, yellow-green crystals, bacilli, neutro- 
philic granulocytes, and foamy macro- 
phages. The walls were fibrous with 
numerous macrophages and a few giant 
cells. The liver in general presented a 
considerable increase in periportal con- 
nective tissue, irregularly distributed, 
which was associated with a proliferation 


of the small bile ducts and an infiltration of 
plasma cells and lymphocytes {Fig. 3). 
The hepatic cords were shrunken and 
atrophic throughout, and tlie sinusoids 
were distended with inflammatory cells, 
principally plasma cells and neutrophils 
(Fig. 4). 

The spleen was considerably swollen, 
and weighed 640 grams; tliere were a 
few small infarcts. Microscopic examina- 
tion revealed numerous plasma cells in 
the sinusoids as the most conspicuous 
alteration. 

The pancreas was stony hard, especially 
so in tlie region of the head. In this area 
white nodules of fat necrosis were noted. 
Microscopically the parenchyma ap- 
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Fig. 5.— Kidney: The tubules are spread apart by dense infiltration of inflaminatoiy cells, 
principally plasma cells, in the interstitial tissues. (H and E, 450 X). 



Fig. 6.— Kidney: Edge of a microscopic abscess. The inllammatorj' cells which are prin- 
cipally polymorphonuclear leukocytes extend between the tubules. (H and E, 262x)- 

peared normal, but tlie interlobular tissue there were a few recent minute abscesses 
was densely fibrosed and contained wall- in which neutrophils constituted the pre- 
ed-off foci of necrosis. dominant cell tj’pe (Fig. 6). The cells of 

The adrenals u'eighed 14 grams (left), the convoluted tubules showed extensive 
and 21 grams (right). A cortical adenoma hydropic degeneration, 
measuring 15 mm. in diameter was pres- In sections of lymph node and bone 
ent in the right gland. Microscopic ex- marrow e.vtensive infiltration with plasma 
amination revealed slight interstitial infil- cells was noteworthy, 
tration of lymphocytes and plasma cells. Postmortem cultures obtained from 2 
The kidneys weighed 350 grams (left), ^i^er abscesses, peritoneal fluid, and aor- 

and 350 grams (right). They were large, tic vegetation all showed Pseudomonas 

soft, and pale, and the corte.x was aeruginosa, 

thickened. Microscopically, linear inter- 
stitial infiltrations of plasma cells were Cultural Characteristics of Organ- 
seen in both corte.x and medulla, princi- ism. On smear tlie causativ'e organism 
p.ally the latter. (Fig. 5). In addition proved to be a medium-sized Gram- 
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negative rod, which showed active 
motility in wet preparations. On agar, 
rough, spreading colonies were formed, 
which had a grape-hke odor, and which 
were surrounded by large zones con- 
taining yellow-green pigment which 
was fluorescent under ultra-violet light. 
In broth a slight pellicle was formed, 
and tlie medium was colored green. 
The pigment was chloroform soluble. 
None of the laboratory sugars was 
fermented; gelatin was liquified slowly, 
and there was questionable production 
of hydrogen sulfide. Growth occurred 
in Koser’s medium; tliere was question- 
able acidification of litmus milk; nitrates 
were not reduced; indole was not 
formed, and urea was not split. 

This sti'ain was compared by guinea 
pig inoculation with one of P. aerugi- 
nosa which was isolated as a non- 
pathogenic contaminant from a dif- 
ferent patient. The pathogenic strain 
was found to be no more virulent for 
the guinea pig than was the non-patho- 
genic sti-ain. 

Comment. As mentioned in the in- 
troduction Pseudomonas aeruginosa is 
a not uncommon pathogen in skin and 
urinary tract infections, but other 
severe infections due to this organism 
are rare. It is probably because of this 
fact that little importance was attached 
to the presence of Pseudomonas aerugi- 
nosa in pure cultm'e in the peritoneal 
cavity and gallbladder bile of our 
patient almost 2 montlis before death. 
Only when blood culture revealed a 
septicemia due to tins organism, 2 
weeks before death, was the causal 
relationship of the bacillus appreciated. 
Streptomycin was administered pro- 
phylactically in reasonable dosage dur- 
ing each of the postoperative periods, 
but the organism was found to be 
practically insensitive. 

This suggests two possibilities: eitlier 
the organism was insensitive to strepto- 
mj-cin from the onset, in which case 
valuable time was lost by using an 


ineffective drug, or the organism devel- 
oped tolerance. If the latter was true, 
early treatment with massive doses of 
the drug might have been effective. 
In either case, tlie failure to appreciate 
the causal relationship of Pseudomonas 
to the disease resulted in therapeutic 
failure. The acquisition of resistance 
cannot be over emphasized in consider- 
ing selection of the most effective drug 
or agent in ample dosage. It is pos- 
sible that bacteriophage might have 
been effective had it been ti'ied before 
the onset of septicemia and endocard- 
itis. Finally, one or more of the opera- 
tions might have been avoided had 
the j)resence and nature of the infection 
been recognized earlier. 

We believe that, after exclusion of 
skin contamination, a culture which is 
positive for Pseudomonas obtained 
from any patient with a febrile illness 
should prompt the following studies: 
(1) A blood culture, (2) Serum aggultin- 
ins for Pseudominas (a titer of 1:30 or 
higher is significant)"’, (3) The sensi- 
tivity of the organism to the available 
therapeutic agents. 

Initial dosage should be sufficiently 
high to prevent the development of 
resistance of the organism to the agent 
employed. In the event that the or- 
ganism is not sufficiently sensitive to 
streptomycin or penicillin it may be 
desirable to prepare and administer a 
specific bacteriophage. Stock Pseudo- 
monas bacteriophage might be found 
to be of value while awaiting prepara- 
tion of the autogenous phage. 

Nine other instances of endocarditis 
due to Pseudomonas aeruginosa have 
been reported'’. In only one of these 
was tire aortic value involved. In our 
case, the second showing aortic valve 
involvement; tlie organism attacked a 
valve which appeared to be otherwise 
normal. 

The \ictims of severe or generalized 
Pseudomonas infections are usually 
debilitated, chronically ill and mal- 
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nourished. In contrast, this patient 
was in good health until the onset of 
his infection. It is Hkely that the 
gastro-intestinal tract was the portal 
of entry and that spread to the liver 
and pancreas ensued. The liver ab- 
scesses probably represented the foci 
from which the septicemia and endo- 
carditis were derived. The relation- 
ship, if any, between tliis patients 
disease and his accident and hemate- 
mesis is not clear. 

Of particular interest is die pro- 
nounced plasma cell reaction in all les- 
ions, indicating a process of relatively 
long duration as indeed is suggested by 
the history. Neutrophils predominated 
in only a few of the lesions. Although 
plasma cells characterize clironic in- 
fections, the number of diese cells, and 
the iirominence of young forms is un- 
usual. 

Smnmary. A case is reported of pro- 
tracted sepsis by Pseudomonas aerugi- 


nosa (B. pyocyaneus) wath lesions in 
many organs, and massive acute endo- 
carditis involving the aoi'tic valve. 

Only one other reported case of endo- 
carditis of the aortic valve caused by 
P. aeruginosa has been foimd in the 
literature. 

The portal of entry in this case ap- 
pears to have been the gastro-intestinal 
ti'act. From this locus spread occurred 
to the gallbladder and liver. Abscesses 
in the latter probably acted as foci for 
general dissemination of the organism. 

The importance of a blood culture 
positive for P, aeruginosa is em- 
phasized, and suggestions are made for 
further diagnosis studies. 

It is essential that prompt treat- 
ment be instituted with a drug of 
proved effectiveness in adequate dos- 
age in order to prevent tlie develop- 
ment of drug resistance on the part of 
the micro-organism. 
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Since our preliminary report^ on the 
clinical use of dibutoline (dibutyl 
urethane of dimethyl ethyl-^Q-hydroxy 
ethyl ammonium sulfate, Merck), we 
have had the opportunity of employing 
this drug in the treatment of many 
more types of cases exhibiting smooth 
muscle spasm. Its eflScacy as a thera- 
peutic agent in problems of spasticity 
of the gastrointestinal tract, the biliary 
tree, the urinary system and the uterus 
has been clinically observed and will 
be reported herein. 

Swan and White® described the syn- 
thesis of dibutoline and its use as a 
c}'cloplegic and mydriatic. We had 
previously found this drug useful as an 
antispasmodic agent, either as tlie sole 
therapeutic measure or as an adjuvant, 
in the treatment of 3 cases of chronic, 
nonspecific ulcerative colitis, 2 cases of 
premenstm-al cramps, colonic spasm in 
4 patients and 1 case each of duodenitis 
with associated spasm, functional 
pylorospasm and pylorospasm associat- 
ed with duodenal ulcer.®^ 

Pharmacological Action. Dibutoline 
has been shovm to possess a direct 
inhibitory action on the smooth muscle 
of the intestine as well as an anti- 
acetylchohne or atropine-hke action.- 
Peterson and Peterson® have demon- 


strated tliat in the normal human stom- 
ach, dibutoline inhibits the motor 
activity; higher doses of the drug also 
decrease tonus. 

In clinical usage the drug generally 
has a quahtative action similar to tliat 
of atropine, altliough certain differences 
have been observed and will be com- 
mented upon. However, distinct 
quantitative differences between the 
two drugs have been apparent. First, 
the pharmacological effects of dibuto- 
line have been observed to occur more 
quickly than with ati'opine; in from 
1 to 3 minutes after subcutaneous ad- 
ministration effects of dibutohne are 
noted. Second, a more intense action 
is effected witli dibutohne, but which 
has a shorter duration than the milder 
action of a comparable dose of atropine. 
An analogy may be made in comparing 
the quantitative actions of dibutoline 
and atropine to the pharmacological 
effects of amyl nitrite and sodium 
nitrite; tlie former acts almost immedi- 
ately and witli great intensity as com- 
pared witli tlie less intense and more 
persistent effects of sodium nitrite. 

Inliibition of Gastric Secretion. Dogs. 
In 10 tests on 5 dogs with pouches of 
tlie entire stomach dibutoline in a dose 
of 10 mg. administered subcutaneouslv 

( 20 . 3 ) 
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produced an average inhibition of 44% 
in the output of hydrochloric acid in 
response to 0.5 mg, of histamine di- 
hydrochloride in a two-dose histamine 
test. The dogs averaged 10 kg. in 
body weight so that this represented 
a dose of about 1 mg./kg. of dibutoline. 
For comparison 1 mg. of atropine sul- 
fate tested in a similar manner in the 
same dogs produced 56% inhibition. 
Therefore we may conclude that dibu- 
toline in a therapeutic dose produces 


After 6 ten-minute samples had been 
collected to establish the basal level 
of gastric secretion for each patient, 
dibutohne was given and the gastric 
drainage was continued for 1 to 2 hours. 
In these same patients a similar test was 
performed either 1 week earlier or 1 
week later, using 1 mg. atropine sulfate 
instead of dibutoline. In general tire 
response to dibutoline was similar to 
tliat of atropine but of distinctly shorter 
duration. With atropine the ma.\'ima] 



MiNures 

Fig. 1.— Comparison of the inhibitor)’ effect of dibutoline and atropine sulfate on the basal 
gastric secretion in a duodenal ulcer patient. 


almost as great a depression of gastric 
secretory response to histamine as does 
atropine in its therapeutic dose range. 
For both atropine and dibutoline sub- 
stantial increase in the dose (for e,\- 
ample, 50 mg. dibutoline or 3 mg. of 
atropine) results in only a slightly 
greater degree of inhibition than the 
smaller doses. Thus the inhibition pro- 
duced by these drugs is always partial. 

jl/oH. Dibutoline (10 mg. subcutane- 
ously) has been administered to 5 pa- 
tients with peptic ulcer while the gas- 
tric secretions were being continuously 
dras\"n off by means of a Rchfuss tube. 


depression was still present when the 
test was terminated 1% hours after 
administering the drug, wdiereas TOth 
dibutoline the secretory rate had re- 
turned to the control level within one 
hour. In 3 cases both dibutoline and 
atropine produced complete suppres- 
sion of free acid secretion and in the 
odier two patients both drugs produced 
marked but incomplete inhibition of 
acid secretion. A U'pical e.xample of 
the latter type of response is showm in 
the accompanying graph (Fig. 1). 

Vascular Effects. In no patient have 
we observed a distressing tachycardia 
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following the subcutaneous injection 
of 10 or 20 mg. of dibutoline. A mod- 
erate tachycardia of short duration may 
occur following the use of doses larger 
than 10 mg. Capillary nail bed meas- 
urements in 3 normal human subjects 
have revealed no significant calibre 
change of the loops after subcutaneous 
administration of 10 or 20 mg. of the 
drug. No appreciable alterations in 
arterial blood pressure have been noted 
in human subjects after similar dosages. 
Cardiac output or coronary blood flow 
studies have not been made. Flushing 
has been noticed in only 4 patients re- 
ceiving dibutoline. 

Clinical Observations. Dibutoline 
has been employed as the sole thera- 
peutic agent or as an adjuvant in treat- 
ment of the diseases listed below. 

Diseases of the Gasti'ointestinal Tract. 

1. Colonic Spasm. Nineteen cases of 
so-called functional spastic colon have 
received dibutoline in doses of 10 to 
20 mg. subcutaneously as the sole tlier- 
apy. Complete relief of their pain 
was afforded to all in from 1 to 10 
minutes. The duration of relief varied 
greatly, in some instances lasting for 
several weeks and in others for 2 or 3 
hours. One patient required 10 mg. 
every 4 hours day and night for several 
weeks. Another, was admitted to the 
hospital because of his severe colicky 
abdominal pain plus the presence of a 
3 cm. hard, movable mass in the left, 
lower abdominal quadrant; X-ray diag- 
nosis of this lesion was an obsti'uctive, 
intraluminal growth of the sigmoid, 
probably malignant. He was given 
10 cc. of dibutoline subcutaneously 
and after 90 seconds the patient ex- 
perienced a dryness of tlie mouth fol- 
lowed in 2 V 2 minutes by cessation of 
die pain and disappearance of the mass 
as determined by abdominal palpation; 
the latter observation was confii'ined 
by a barium enema X-ray study. 

2. Diverticulitis of the Colon. The 
abdominal pain associated with diver- 


ticulitis has been reheved in all of 3 pa- 
tients treated with dibutoline. Main- 
tenance of freedom from abdominal 
pain was accompHshed by using the 
usual 10-mg. dose 3 to 8 times daily. 

3. Chronic, Noji-specific, Ulcerative 
Colitis. Dibutoline has proved an im- 
portant adjuvant in tlie ti'eatment of 
all 6 cases of clu'onic ulcerative colitis 
in which it has been tried. It assists 
both in controlling the abdominal dis- 
comfort and in lessening the frequency 
of defecation. In one case 10 mg. of 
dibutoline given thrice daily was more 
effective than atropine gr. 1/50, ad- 
ministered at like intervals, in alleviat- 
ing the abdominal pain and lessening 
the number of stools. In still another 
patient 20 mg. of dibutoline injected 
every 3 hours resulted in a stool-free 
period of 11 hours as contrasted to 
passage of 5 stools during an equal 
period when given powdered opium 
gr. iii orally every 3 hours over a 2-day 
period. 

4. Acute Gastroenteriti^s. Fifteen 
cases of acute, severe gastroenteritis 
of undetermined etiology were treated 
with dibutoline in the usual 10-mg. 
subcutaneous doses repeated every 2 
to 3 hours when necessary. Cessation 
of the vomiting and colicky pain re- 
sulted, as well as lessening of the fre- 
quency of defecation. 

5. Regional Enteritis. Colicky pain 
associated ^vith 1 case of chronic re- 
gional enteritis with external fistual 
formation was relieved by injection of 
10 mg. of dibutoline 4 times daily. 

6. Pylorospasm Associated with Duo- 
denal Ulcer. In all 24 cases of typical 
IDylorospastic pain associated with X- 
ray proven duodenal ulceration treated 
with dibutoline in 10 mg. doses com- 
plete relief was afforded; this allevia- 
tion of pain persisted for from 2 to 24 
hours after a single injection and occur- 
red in from 2 to 10 minutes after the 
injection. 

Case Report. Case 1. A typical case 



206 


MARQUARDT, CASE, CUMMINS, GROSSMAN; 


summary: A 47-year-old male was ad- 
mitted to the hospital because of per- 
sistent, severe cramp-like pain in the 
epigastrium. He had been under treat- 
ment for recurrent duodenal ulcer for 
about 20 years. X-ray revealed a large 
crater in a spastic scarred duodenal bulb. 
Dibutohne, 10 mg. 4 times daily, afforded 
complete relief. Pain returned if a dose 
was omitted; atropine sulfate gr. 1/50 
gave only partial relief. 

7. Functional Pylorospasm. Ten pa- 
tients wdtli epigastric pain and ^^omiting 
witli no demonstrable gastric or duo- 
denal lesions were relieved by 10-mg. 
doses of dibutoline. Included in this 
group were 3 patients who had ab- 
dominal malignancies and whose nau- 
sea was adequately controlled without 
the use of narcotics. 

8. Pylorospasm Associated with 
Chronic Antral Gastritis. Frequent 
vomiting and feeling of epigastric full- 
ness were adequately relieved in 2 
patients wtli chronic antral gastritis 
when dibutoline was given in 10-mg.. 
doses every 4 hours. 

9. Peptic Ulcer Pain. The t}^ical 
ulcer-t)’pe epigastric distress occurring 
when the stomach is empty was re- 
liex'ed in 2 to 5 minutes after the in- 
jection of 10 mg. of dibutoline in 10 
patients until X-ray proven duodenal 
ulcer. Not all patients witli ulcer pain 
were so relieved, however. Such re- 
lief has also been noted clinically after 
atropine therapy, 

10. Pyloric Obstruction Associated 
until Duodenal Ulcer. Three cases of 
pi'Ioric obstruction all e.\hibiting mark- 
ed degrees of duodenal narrowing and 
crater formation by X-ray and com- 
plaining of a feeling of epigastric full- 
ness and frequent vomiting were ren- 
dered asymptomatic after the institution 
of dibutoline therapy consisting of 10 
to 15 mg. of the drug injected sub- 


cutaneously from every 4 to 24 hours. 

Case 2. A summarj' of a typical case 
follows: A 30-3mar-old male with a 
history of recurrent duodenal ulcer for 
7 years complained of a marked sense of 
epigastric fullness and vomiting, 1 to 4 
times per week, for 15 months. X-ray 
showed food residue in the stomach, 5Qfo 
retention after 6 hours and a marked 
duodenal bulb defo^nity^ Dibutoline, 15 
mg., was injected once daily and within a 
few days the patient felt improved. The 
daily injections of the drug have con- 
tinued for 8 months and during this time 
the patient has been asymiptomatic, has 
not vomited once, has gained 15 pounds 
in weight and has required no other 
medication except dibutoline. X-ray ex- 
amination done 2 months after beginning 
dibutoline revealed the duodenal bulb 
deformity' but no delay in gastric empty- 
ing time. 

11. Tabetic Gastric Crisis.^ The 
nausea, vomiting and abdominal pain 
associated with 2 cases of lues of die 
central nervous system were treated 
with 10- and 15-mg. doses of dibutoline. 
If symiptomatic relief was obtained, it 
was only slight and transient. 

12. Infantile Pyloric Stenosis.j 
Prompt and spectacular relief from 
die food regurgitation present since 
birth plus gain of 7 ounces weight 
in 4 days was afforded an 8-week-old 
infant by administration of 3 mg. of 
dibutoline 10 minutes before each feed- 
ing. A subsequent surgical procedure 
revealed the hypertrophic pyloric 
sphincter. In 3 cases of infantile py- 
loric spasm subsequently obsen'ed. 
dibutoline was found to afford only 
slight or equivocal rehef. 

Gaslro-Intestinal X-ray Obserx'ations. 
Obsen'ations on the effect of dibutoline 
have been carried out in connection 
TOth clinical radiological work on nor- 
mal individuals and on patients. Cases 
selected included instances of long de- 


* For die excfllcnt observations in these 2 cases we are indebted to Drs. E. E. Peters, 
J. llodrigues and B. G. Clarke of the Chicago Intensive Treatment Center. 

- We wish to e.vprcss our appreciation to Drs. Harrs’ Tarre, J. R. Richmond .ind R. 
Clarke of Cook Count>' Hospital for d.nta in this case. 
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lay in the opening of the pylorus, 
especially where the delay was ac- 
companied by demonstrable spasm of 
die prepyloric zone for distances of 
from 2 to 5 centimeters. Cases were 
also chosen where in giving the opaque 
enema a high grade of spasm was en- 
countered in the distal colon. The 
dose administered was always 1 cc. 
(10 mg.) subcutaneously. 

Some difficulty in the assessment of 
the results should be noted. It is a 
matter of common observation among 
radiologists that one often finds the 
first swallow of barium traversing the 
stomach and without any appreciable 
delay immediately passing into the 
duodenal bulb; in other cases a delay 
occurs, with no barium passing through 
the pylorus. In the latter event, various 
things may happen. In the usual case 
it may be observed diat when one of 
the peristaltic waves approaches to with- 
in 3 or 4 centimeters of the pylorus, 
the latter opens and the duodenal bulb 
fills, to remain filled or to contract 
almost immediately with onward pas- 
sage of part or all of its opaque contents. 
This may occur after watching only 
1 or 2 minutes, or after a longer vigil 
the observer’s patience may be strained 
and he may tiy a little manipulation 
with the palpating spoon or the protect- 
ed fingers under the screen to slip 
some of the barium from the ampulla 
through the pylorus into the duodenum. 
This massage-like maneuver may suc- 
ceed but in other cases it seems to set 
up even more stubborn tightening of 
the pyloric sphincter, with no barium 
passing into tlae duodenum. In other 
cases the radiologist may draw a word- 
picture, more or less eloquent, of a 
savory meal being eaten under pleasant 
surroundings. In most cases the stom- 
ach almost immediately will begin ac- 
tive peristaltic waves and mthin a few 
seconds pass material into the duodenal 
bulb. But there are instances in which 
all of these maneuvers fail, and then 


one must seek some further means of 
visualizing the duodenal bulb. 

Ordinarily ati'opine sulfate has been 
employed, beginning with a dose of 
1/75 of a grain. One of us (J.T.C.) 
once gave 1/75 of a grain of atropine 
sulfate to 1000 consecutive gashoin- 
testinal cases 30 to 45 minutes before 
the barium meal study was com- 
menced. This was done because of 
the relatively lai'ge number (10 to 15%) 
of gastroduodenal studies where re- 
examination was requested to elimi- 
nate as far as possible any influence of 
pylorospasm. No untoward effects 
were observed in any of these 1000 
cases which included young and old 
of both sexes, but it was noted that 
unless the ahopine sulfate was given 
to full physiological effect, sometimes 
requiring 1/30 of a grain, tlie antispas- 
modic benefits were not assured. It 
may be that the same is true of di- 
butoline, for we observed variations 
of its effects. 

In otherwise normal individuals who 
were exhibiting pyloric spasm, dibuto- 
line usually had the effect of relaxing 
the spasm; so that whereas up to tlie 
moment of making the intramuscular 
injection nothing had passed into the 
duodenal bulb or beyond, witliin 3 to 
5 minutes after the injection the bar- 
ium mixture passed readily and spon- 
taneously into the duodenum. 

Sometimes the effect is not so 
prompt. In one case, repeated obser- 
vations over a period of fifteen min- 
utes from 10:30 to 10:48 revealed that 
no appreciable amount of contrast ma- 
terial passed into the duodenal bulb 
(Fig. 2a). At 10:48 dibutohne was in- 
jected. At 10:57 the bulb was begin- 
ning to fill. By 11:18 it was well 
filled and barium was beginning to 
enter the jejunum (Fig. 2b). At 1:15 
the stomach was just emptying its last 
traces and tlie distribution of barium 
through the small bowel was normal. 

There were, however, cases in which 
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rate of transit of the opaque material 
became much more rapid and re- 
sembled the normal behavior. 

In another case, during 20 minutes 
of observation nothing passed the py- 
lorus, and we were unable by any 
maneuver to get anything into the 
duodenum. Dibutoline was injected 
and the bulb appeared spontaneously 


much coaxing the patient had been 
persuaded to accept enough of the 
contrast enema to visuahze the colon 
as far as the splenic flexure. He then 
rebelled and it became quite obvious 
that he could not take any more. He 
was studied in various projections to 
ascertain that there was no obstruc- 
tion of any kind at the splenic flexure 



Fig. 4.— a. Incomplete filling of the colon due to generalized spasm. 

b. Colon of same patient 20 minutes after the subcutaneous injection of 10 mg. of 
dibutoline. Complete filling is now easily accomplished. 


within 5 minutes but remained rather 
spastic and the stomach itself showed 
normal tonicity for about 5 minutes 
after which there supervened a pe- 
riod of atonicity, the stomach present- 
ing instead a lack of peristaltic activity 
and the general aspect of gasti’ectasis 
(Fig. 3). Then there was a gradual 
resumption of normal peristaltic activ- 
ity, so tliat witlrin another half hour 
the active peristalsis had nearly emp- 
tied the stomach. 

In another case, (Fig. 4a) the com- 
plete filling of the colon by the opaque 
enema was found impossible. After 


to impede the progress of the barium 
through the colon. Obviously it was 
a case of intense colonic spasm. He 
was allowed to expel the enema, and 
returned to the table with the colon 
practically clear. Ten minutes after 
injection of dibutoline tlie enema was 
repeated. This time not the slightest 
difficulty was encountered in filling 
the entire colon over to tlie ileocecal 
value (Fig. 4b). 

Diseases of the Biliary Tract. 1. 
Gallstone Colic. Only 1 case of gall- 
stone cohc was treated with dibutoline. 
This patient was relieved completely 
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of pain 5 minutes after a 10-mg. in- 
jection of the drug. Atropine sulfate, 
gr. 1/75, had no effect in similar at- 
tacks in this patient. 

2. Biliary Dyskinesia. A presump- 
tive diagnosis of motor dysfunction of 
the gall bladder and sphincter of Oddi 
(not confirmed by visualization of the 
hepatic ducts during cholecystography) 
was made in 1 patient complaining of 
recurrent attacks of nausea, vomiting 
and right upper abdominal pain with 
interscapular radiation. Dibutoline 
in 10-mg. doses afforded this patient 
complete relief, while 1/50 grain of 
atropine sulfate did not. 

Diseases of tlie Genito-Urinary Sys- 
tem. 1. Dysmenorrhea. Relief of 
pain was afforded 10 patients wdth pre- 
menstrual cramps by 10 mg. of dibuto- 
line. However, as had been our previ- 
ous e.xperience, little benefit was de- 
rived from dibutoline in 10 women 
experiencing pain after the onset of 
uterine bleeding. This observation 
lends credence to the h 3 'pot[iesis tliat 
premenstrual pain is due to spasm, 
while post-bleeding pain is not. 

2. Ureteral Colic Associated with 
Calculus.* Tlie effectiveness of dibu- 
toline in relie\dng the severe pain of 
ureteral colic in patients vdth stones 
has been variable. We believe the 
failure of treatment of some of these 
cases is due to inadequate dosage of 
tlie drug. Six cases of X-raj' proven 
ureteral calculus were given 10 to 30 
mg. of dibutoline and 3 of these were 
afforded complete relief of tlieir pain 
without the supplementary use of nar- 
cotics or analgesics. The remaining 3 
cases, however, required additional 
morphine sulfate for control of pain. 
In the successful cases pain was con- 
trolled by using 10 to 30 mg. of di- 
butoline evcr\’ 3 to S hours; all 3 of 
these patients passed their stones spon- 
taneously during treatment. 


3. Bladder Spasm folloiving Cystos- 
copy and Transurethral Prostatic Re- 
section. Widi 1 exception, post-manip- 
ulative of post-operative pain after 
cystoscopy was controlled by dibuto- 
hne alone in 22 cases. No analgesics 
and no narcotics were necessary. The 
usual regimen consists of giving 10 
to 20 mg. of the drug immediately be- 
fore introduction of the cystoscope fol- 
lowed by a similar dose immediately 
after completion of the procedure. 

4. Cystitis. The pain incident to in- 
fection of die urinary bladder was 
completely relieved by 10-mg. doses 
of dibutoline in 2 cases. In another 
like number of patients, however, suf- 
ficient relief was not afforded to war- 
rant withliolding analgesics. 

5. Suprapubic Prostatectomy. Re- 
lief was given 3 post-operative prostat- 
ectomy patients by die use of 10 to 
20 mg. of dibutoline every 2 to 3 hours. 
It was found, however, tiiat die effect 
of dibutoline was enhanced by using a 
constant intravenous infusion of 5/o 
ethyl alcohol solution. When these 2 
medicaments were used simultaneously 
immediately after the operation, the 
relief afforded die patient was such 
that no opiates were necessary during 
the entire post-operative course. 

Side Effects. The common side re- 
actions to dibutoline treatment are dry- 
ness of die mouth and diminution of 
ocular accommodation. Tlie drjTiess 
of the mouth usually lasts from 20 
minutes to 1 hour and is considerably 
less distressing dian that which fol- 
loNVs atropine therapy. As was men- 
tioned previously, we have not noted 
a significant tachycardia or alteration 
in the arterial blood pressure in any 
case in the doses of the drug used (3 
to 30 mg.). Flushing of the skin has 
been observed in several patients. As 
much as 30 mg. have been injected 
subcutaneouslj' ivith no other than die 


* We .^^c indebled to the members of Uie Drs. V. J. O'Connor-K. Sokol G. U. service o| 
Wesley Memorial Hospital, Cliicago, for their cooperation in obtaining the results o' 
dibutoline on urinary tract diseases. 
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effects noted above. One patient has 
received from 80 to 100 mg. of dibuto- 
line daily in divided doses for as long 
as 2 months and has manifested only 
moderate dryness of the mouth and 
minimal visual disturbances. Three 
otlier patients have tolerated equally 
well 40 to 60 mg. per day for periods 
up to 3 mondis. 

Dosage, The usual subcutaneous 
dose for adults is 10 mg. If no relief 
is obtained in 20 to 30 minutes, it has 
been customary to repeat the dose fol- 
lowed by injection of 10 mg. as needed 
symptomatically. The duration of ac- 
tion of the drug judged by clinical 
standards of patient comfort varied 
from 1 to 24 hours or longer. Occa- 
sionally in cases of severe spastic pain 
we have commenced treatment with 
20-mg, dosage and repeated this amount 
as needed. 

The di-ug has not been administered 
intravenously in human subjects. It 
has proved ineffective when given by 
mouth; no effect has been observed 
when as much as 1500 mg. has been 
taken orally. 

Clinical Value. We believe that di- 
butoline has a place in tlie therapy of 
spastic disorders of tlie gastro-intestinal 
biliary and genito-urinary systems. Its 
usefulness is enhanced by intensity and 
promptness of its effect, a property not 
possessed by atropine. When almost 
immediate, powerful anti-spastic ac- 
tion is desired, dibutoline, on the basis 
__ of our experience, will accomplish tiffs. 
The drug has also proved useful to the 
roentgenologist in combating spasm 
of tire pylorus and anti'um and tlie 
colon in gastin-intestinal X-ray vis- 
ualization. 

In many instances a single dose of 


the drug provides relief for a period 
which far exceeds the duration of its 
pharmacological activity. Tiffs would 
indicate that in these cases once the 
spasm is relieved it does not recur im- 
mediately even tliough no drug is act- 
ing to prevent it. In the instances 
where this is not true tlie recurrence 
of pain may make quite frequent ad- 
ministration of die di-ug necessary; in 
extreme cases as often as every 2 
hours. Inasmuch as die drug is only 
active by parenteral routes, this entails 
die inconvenience of repeated injec- 
tions. The failure of the material to 
be active by the oral route seriously 
limits its use in ambulatory patients in 
whom it would otherwise be indicated. 

Summary. Dibutoline, possessing 
both a smooth muscle inhibiting and an 
and-acetylclioline action, has been em- 
ployed as the sole therapeutic agent or 
as an adjuvant in die treatment of 
smooth muscle spasm associated with 
12 types of disorders of die gastro- 
intestinal tract, 2 of die biliary tract and 
5 of the genito-urinary system. The re- 
sults have been most favorable widi 
the exception of the treatment of gas- 
tric crisis associated with tabes. 

The drug has proved useful in com- 
bating spasm of die upper gastro-intes- 
tinal tract and the colon during the 
course of X-ray examination. 

Side effects of dibutoline have been 
mainly moderate dryness of the mouth 
and slight diminution of ocular ac- 
commodation follovnng die usual 10- 
to 20-mg. subcutaneous dosage. 

The drug has proved exceedingly 
useful when a prompt, powerful anti- 
spasmodic agent is indicated. The 
short duration of its action and its in- 
effectiveness orally limit its usefulness. 


Addendum: Since submitting this report for publication, we have used dibutoline in tlie 
treatment of about 3 times as many cases of spasm as described herein witli comparable results. 
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The iinporfaiict' of the discovery of 
anestlicsia for tlie relief of pain during 
surgical procedures is universally rec- 
ognized as one of the major advances 
in surger}’. Without anesthesia, surger\’ 
would he limited indeed. It is not the 
puqrose of this paper to review the 
dilfereiices in surgeiA' of the preanes- 
thi’lic period with that of today. .-V 
discussion of tlie progress and devclop- 
iiR'iil of anesthesia, liowes er, must take 
into account the adsances that have 
been made in this fiehl not onlv in the 
Hevelopment of dnigs. hut in the op- 
portunities for training of personnel 
and tlie flevelopment of anesthetic 
agents and technics. That in recent 
years there has heen improsement in 
anesthesia is a Well acxi-pted fact; that 
progress is eoutinning in the field of 
anesthesi.i is evident and there appears 
to he still riKirii for iinprinement even 
without the .addition of ii'-w drugs. The 
find ind'-x of progress must he judged 
In ulietli'T ;(n e\er inereasing nuiulwr 


of patients receives better and safer 
anesthetic management not just ne.\t 
vear, hut for years to come. It is im- 
portant, therefore, to discuss the sub- 
ject of anesthesia not only in relation 
to dnigs and methods of procedure, 
hut also in relation to the development 
of personnel. 

The dexelopment in tlie manage- 
ment of pain relief for surgery may he 
arbitrarily divided into 3 periods. 
First, tlie latter half of tlie nineteenth 
century after IS-I(5; ‘ccoikI. the first _ 
rpiarter of this century; and third, from 
the end of the first quarter of this 
cenfur}’ to the present time. 

The period iminediatelv following 
Mortons successful demonstration of 
I'ther anesthesia was notable for the 
rapiditv of acce[)tance of this new pro- 
cedure. 'llius, relief of pain and the 
horror of surgerx' was hailed as a tuni- 
ing point in surgical tre;ilineiif. In 
those early days, surgeons were recog- 
nfzf'd h'-f.-.iusc of fh'.'ir ability ;imi judg- 
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ment and not by their tools, but there 
was no such recognition for the admin- 
istrator of anesthesia, Tlie controversy 
about prior rights in the use of ether 
as an anesthetic agent caused much 
conflict but no leader in the training 
of tlie anesthetist or an evaluation of 
the efFects of anesthesia was forth- 
coming. It is regrettable that under 
such a state of affairs the progress and 
development of anesthesia was slow in 
America. Fortunately, with physicians 
following the influence and prestige of 
John Snow^®’^® in England, there were 
many contributions from that country, 
and his work was frequently quoted in 
American literature^’’®^’*’®''^ 

We owe much to the dentists who 
became interested in anesthesia during 
the early period; they were mainly re- 
sponsible for the early use of nitrous 
oxide and apparatus for its administra- 
tion. Both Morton and Wells were 
dentists and this, no doubt, prompted 
the interest of others in their profession 
to take up anesthesia. There was no 
infiltration anesthesia then and restor- 
ative dentishy did not save as many 
teeth from extraction as does present- 
day dental care. 

The drugs introduced and their 
methods of administration that origi- 
nated during this first half century 
are of paramount importance and most 
of them are still in use; the same is 
time of the technics used at the end of 
this period, with some improvements. 

Fortunately fate, plus Morton’s per- 
sistence, determined that ether should 
be the first inhalation drug. Ether has 
man)f desirable properties as attested 
by its present-day use. The impor- 
tance of this drug in the first century of 
anesthetic de\'elopment is probably 
generally underestimated. It has been 
administered to millions of patients 
under every possible circumstance as 
to the operation, surgeon and admin- 
istrator. We do not know how many 
anesthetic deaths ha\m resulted from its 
use, and if we did, one could not judge 


how well it was administered or how 
many more deaths might have occurred 
with another drug. The fact that it is 
still widely used for anesthesia is good 
evidence of its value. 

Wells had been working with nitrous 
oxide to produce pain relief as early 
as 1844, but had not succeeded in con- 
vincing anyone of sufficient profession- 
al standing to have the idea accepted. 
This drug has a very low potency and 
is tlie only inhalation drug used that is 
not a hydrocarbon. In spite of the lack 
of potency, nitrous oxide is very widely 
used for induction of anesthesia and 
used witli more potent inhalation and 
with nonvolatile drugs. Throughout the 
many changes in anesthesia, nitrous 
oxide continues to maintain some use- 
fulness in nearly every operating room 
in this country. 

Simpson’s advocacy of choloroform 
in 1847 was of importance and it was 
widely used in this country only during 
this early period. Its one dangerous 
property, namely its propensity to dis- 
turb cardiac function if not admin- 
istered with extreme care, still makes it 
unsafe for common use. It was used 
extensively in this country during this 
period and most writers recognized 
that it was not as safe as ether, partic- 
ularly for the many unskilled individu- 
als who were administering anesthes- 
ia^- 63. 

The use of etliyl chloride was per- 
liaps of less importance but it is still 
used for inhalation anesthesia; Snow 
is supposed to have used it in 18513®. 
Rice says it was first used by Heyfelder 
in 1848 but never extensively until 
1895, when a more purified drug was 
available’’®. The introduction of the 
use of o.xygen with nitrous oxide by 
Andrews® was a valuable contribution. 
Snow used amylene and reported some 
238 administrations, but it was not used 
by others as far as is kno^^^^ and is only 
of historical interest®® . 

The use of nonvolatile drugs, by 
moutli, to relieve pain is centuries old 
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but the administration of morphine, 
subcutaneously and intravenously, was 
made possible by the invention of the 
hollow needle by Wood in 1853. This 
needle with the proper syringe set the 
field for local and regional anesthesia. 

In 1860, Albert Nieman^'*,of Germany, 
isolated the alkaloid cocaine in crystal- 
line form and reported the numbing 
effect on the tongue. Coming experi- 
mented with spinal anesthesia and it 
was accomplished in humans at the 
end of the century by Bier^® of Ger- 
many. Matas'^^ was one of the first to 
work on this problem in this country. 
The topical use of cocaine in the eye 
was introduced by Koller^® in 1884. 
The injection of nerves and tissues witli 
cocaine to produce local and regional 
anesthesia was performed near the end 
of this period by Cushing and Hal- 
stead^®, and also by Crile as reported 
by Matas^®. 

Apparatus for the administration of 
inhalation anesdiesia was well on the 
way to furnish a background for later 
development. Oxygen and nitrous ox- 
ide were compressed in metal cylinders. 
The principle of rebreatliing volatile 
drugs was employed, though not highly 
developed. Squibb®^ and Prince®® 
advocated allowing adequate air with 
ether and this culminated in real open- 
drop technic. 

The practice of keeping records dur- 
ing anesthesia was started by Codman 
and Cushing®. Blood pressures were 
taken with the Riva-Rocci sphygmo- 
manometer as introduced into this 
country by Cushing®® These pressures 
were recorded on a graphic record 
before, during and after operation. 
However, it remained for a later publi- 
cation®® to convince die anesthetist of 
the value of such records. 

The second period, 1900 to 1925, was 
filled with tremendous advances in all 
scientific fields, including anesthesia. 
Wdiile the development and improve- 
ment in technics and practices from 
the previous period were of signal im- 


portance, many new anesthetic agents 
were discovered. 

The most important class of drugs 
introduced was the synthetic nonvola- 
tile cocaine substitutes to be used for 
blocking nerve impulses, commonly 
called local, regional and spinal anes- 
thesia. The first of these to be used 
extensively was stovaine, synthetized 
in 1903. In 1904, Einhorn synthetized 
procaine which replaced stovaine and 
remains one of tiie most widely used 
drugs for conduction anesthesia. The 
use of local as well as spinal anesthesia 
played an important part in interesting 
the profession in anesthesia; it gave op- 
portunity and necessity for surgeons to 
become concerned with this field. 
Many minor surgical procedures could 
be performed witii local infiltration 
much more safely than with poorly ad- 
ministered general anesthesia. Epine- 
phrine, discovered in 1897^, came into 
use as a vasoconstrictor in combina- 
tion with local anestliesia in this pe- 
riod. Ephedrine, described as a vaso- 
pressor drug by Chen and Schmidti^ 
was later employed in conjunction with 
spinal anestliesia. 

Ethylene, introduced by Luckhardti®, 
was the ordy important addition to the 
inhalation anesthetics during this pe- 
riod. Its discovery stimulated further 
search for inhalation drugs. 

Tlie introduction of new technics 
also received a large amount of atten- 
tion. Herb®® states that Prince advocat- 
ed using an open mask for ether and 
this metiiod was widely used in this 
period as an improvement over tlie use 
of the closed cone. Prince modified tlie 
Esmarch mask to make the best open 
etiier mask®^. The intralaryngeal in- 
sufFlation for open chest was described 
by Matas^®. Kuhn’s intratracheal tube 
was reported by Hazelhurst®^. The 
work of Meltzer and Auer^’^ led to the 
development of intratracheal insufflii" 
tion^®, which, in turn, was a forerunner 
of present-day endotracheal airways, 
which in this country was described by 
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Janeway in 1913. This technic was 
developed largely by the English an- 
esthetists, Magill and Rowbotham®^®'®*’. 
The latter was a very important con- 
tribution because tire most trouble- 
some and dangerous complication of 
all general anesthesia is respiratory ob- 
struction. The use of the endotracheal 
airway, which consists of a tube of 
sufficient size to permit breathing 
through its lumen, has been a most val- 
uable feature in rendering safer and 
better anesthesia with greater conveni- 
ence to the surgeon. The history and 
development of this type of airway is 
very capably presented by Gillespie^^. 

Spinal anesthesia was well under- 
stood and used by some during this 
period but not widely. Tliis work, in- 
terestingly enough, at the early stages, 
was done mostly by surgeons j one of 
the outstanding being W. W, Bab- 
cock.'’’ The professional anesthetists' 
time probably was consumed adminis- 
tering inhalation anesthesia or perhaps 
they were not interested in spinal an- 
esthesia at tliat time. 

Inhalation apparatus was improved. 
Rebreathing technic was worked out 
carefully by Gatch^^ McKesson devel- 
oped the intermittent flow valve^®. 
The carbon dioxide absorption technic 
was introduced as a laboratory proced- 
ure by Jackson?® and for clinical anes- 
thesia by Waters®^. However, the intro- 
duction of this apparatus did not simpli- 
fy anesthesia but actually added respon- 
sibility for the anesthetist, because the 
patient must live on tire atmosphere 
made by the anesthetist in contrast to 
die open drop, where etlier is added to 
atmospheric air breadied by tlie pa- 
tient. In spite of the high oxygen con- 
centration possible with etlier and the 
carbon dioxide absorption technic, 
there is a respiratory hazard of inade- 
quate pulnionar}'^ ventilation that may 
be overlooked because of the good 
color of the blood and often absence of 
any marked changes in circulation un- 
til late in the sequence of events diat 


may lead to severe complications. Tlie 
use of an artificial atmosphere may be 
hazardous therefore, if one does not 
have a proper understanding of phys- 
iology of respiration. 

McKesson’s report is both an excel- 
lent .discussion of the physiology of 
circulation during anesthesia, and a 
demonstration of the importance of 
keeping a graphic record of tlie pa- 
tient’s condition. It so stimulated 
others^®'®® that by the end of this 
period adequate records were kept by 
most professional anesthetists. Further 
development of this phase of anesthe- 
sia came in the next period as part of 
the improved teaching program. 

A summary of the progress in an- 
esthesia during this period is striking 
for the many advances in the knowl- 
edge of drugs, technics and tlie man- 
agement of the patient. Spinal, nerve 
block and local anesthesia were highly 
developed. Inhalation methods were 
improved and at the end of tlie period 
the carbon dioxide absorption technic 
was in practical use. The use of endo- 
tracheal airways was well established 
and found increased use in tlie next 
period. 

During the more recent period 
(1925-48), many new drugs were add- 
ed without discarding the old ones, but 
Squibb’s statement is still as true as it 
was in 1871; “Time, that tries all tilings, 
has disposed of many of the issues 
which arose in the eai'ly application of 
anaesthesia, but has entirely failed in 
producing that universally applicable 
anaesthetic— that philosopher’s stone 
for which the alchemists of the pro- 
fession still vainly search— namely, an 
agent which shall be potent, but potent 
only for good. This physical impossibil- 
ity seems to be to the medical pro- 
fession what perpetual motion is to 
mechanics, and time wears away such 
heresies vex)^ slowly. It would, doubt- 
less, be better for the profession and 
for mankind if tlie anaesthetics already 
known were better studied in relation 
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to their special adaptations, and were 
applied with a more wise discrimina- 
tion”*^'. 

There had been interest in intrave- 
nous administration of anestliesia for 
some )'ears and, with tlie introduction 
of pentothal sodium, tliis type of an- 
esthesia became ver\' useful. It has 
been well discussed by Adams-. It 
has the advantage of producing uncon- 
sciousness rapidly and pleasantly with 
a minimum of after effects that are re- 
membered by the patient. Its limi- 
tations and disadvantages in producing 
good surgical anesthesia if used alone 
are now recognized. It is rarel)' used as 
the only drug where relaxation, pro- 
longed time and debilitated patients 
are iiuolvcd, because it does not block 
certain spinal refle.ves with the amount 
of depression tolerated under these 
conditions. The ease of intravenous in- 
jection may lead unqualified adminis- 
trators to misuse the dnig. The failure 
to remember that the production of 
unconsciousness w’ith any dnig places 
.severe responsibilih' on the adminis- 
trator may lead to trouble, especially 
in office practice and wiien done by 
those not familiar with preventing and 
treating the possilile complications of 
this state. The discover}- by Griffith-*' 
that curare preparations could be used 
and controlled in producing relaxa- 
tion, and its further introduction into 
anesthetic practice by Cullen''', h.as 
also been a helpful adjunct, through 
the intravenous route of admini.stra- 
lio!i. .As with other drugs, one can only 
estimate the recpiired dosage and an 
overdose must be treated by artifici.al 
pulmonary ventilation. Its propi-r use 
jirtKlnees goo<l rnn.scnkir relaxatiorj 
svith lesser eoncetitnifion rrf other 
tirnus. It h;is also been employed to 
eonfr<d corivnlsions and muscle 
'p.istn'’’. 

Th*' ifitr.isennns use of prr»eaine hv- 
rlriH'lilntidf to priKlnce an.dgesi.i for 
i.dxn pun aiid parttirition w.is used bv 
.uid ( .’fo'.s;n.irr. Ilouever tie- 


hazard of con\-ulsions occurred often 
enough to discourage its widespread 
use. Burstein'" used intemiitteut in- 
jections of procaine to treat severe car- 
diac depression or irregularities dnrine 
cardiac and pulmonar}- surgerv. Fr.i- 
ser-*' has reported the use of small 
amounts of procaine intravenouslv as 
an adjunct to general anesthesia, par- 
ticularly to prevent cardiac arrhythmia. 
Bittrick" reported the use of large 
doses of procaine during intrathoracic 
operations. The reviewer*'^ has been 
studying the use of rather large doses 
of procaine gis'en intravenously in 
conjunction with other drugs that pro- 
duce general anesthesia. Procaine hy- 
drochloride PTc is given continuously 
in 5% glucose at a rate of 2 to 10 cc. 
per minute. It has been tried with 
several dnigs; the most satisfac- 
tor\' has been a combination of pento- 
thal induction follow-ed by intravenous 
procaine and continuous flow- of ni- 
trous oxide and oxygen. If relaxation is 
necc.ssary' a curare preparation is used. 
The study has not been completed but 
some impressions have been formed: 
the procaine docs not accuimdatf' in 
the body as in the case of barhitunites; 
the only effect remaining after its flow 
is discontinued is pain relief, and coii- 
.sciousness returns rapidly; because of 
pain relief patients arc not irrational 
but veiy- clear mentally on recover}-; 
the cough reflex is markedly depress<'d 
even in light anesthesia so that patients 
tolerate an endotracheal airw.ay well: 
patients w-ith toxic thyroid diseas<‘ are 
benefited by proe;iine in that they have 
fewer pulse and pres.->ure changes ritir- 
ing operation and appear to be less dis- 
turbed during the postoperative pe- 
riod. These findings during anesthe<.i.t 
and operation have given reason to 
iH-lieve that intraveinais prrK-aine pmp- 
erlv ef)utrolled might be effiei'-nt iii 
treating thyroid t•ri^es. i’ostop'-rativ'' 
p.un relief is fjnite variable, ranging 
trfun 30 minutes to sever.'il lionrs, \ :igo- 
xng.d reflexes are <ieprt".sed :md p-f- 
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haps other undesii'able activities of the 
autonomic nervous system are depress- 
ed or eliminated. This use of procaine 
should not be confused with the ther- 
ajDeutic use described by Peterson®’^, 
because these large doses require more 
careful observation and control; they 
are not witliout danger the same as 
any other drug used in the degree nec- 
essary to produce surgical anesthesia. 

The synthetic cocaine substitutes 
metycaine, pontocaine, nupercaine, 
monocaine and intracaine have been 
given an extensive clinical trail and 
compared with the old standby pro- 
caine hydrochloride. Anesthesiologists 
trained in their use, limitations and 
dangers have found the longer acting 
ones such as pontocaine and nuper- 
caine of value because of this duration 
of action, if at the same time proper 
precautions are being taken against ex- 
cessive circulatory depression and res- 
piratory paralysis. Lundy^^ has discuss- 
ed tliese drugs and the technics in de- 
tail. 

Two inhalation anesthetic drugs, 
divinyl ether and cyclopropane, have 
been accepted for clinical use since 
1925. Ravdin et al.^*’, reported a care- 
lul laboratoiy and clinical study of 
divinyl ether. This drug produced un- 
consciousness rapidly and was less ir- 
ritating to inhale than ethyl ether. It 
is chiefly used for very short operative 
procedures or for induction before 
ether anesthesia. It is not toxic to the 
heart, but is toxic to the liver and kid- 
neys if given for prolonged anesthesia. 
It produces rather marked salivation in 
jratients not given belladonna drugs. 
Cyclopropane was also studied exten- 
sively before being released for general 
use by Waters and his colleagues®®-*®' 
a, c, d, e. f j|- found to produce a 
pleasant induction and ample oxygen 
could be used because of its po- 
tency producing anesthesia in 10 to 
307o concentrations in the inhaled at- 
mosphere. It was best used with tlie 
carbon dioxide absorption technic. 


Undesirable post-anesthetic complica- 
tions such as nausea were much less 
than witli etlier. On the other hand this 
drug does not depress the activity of tlie 
autonomic system as in case of etlier, 
and certain undesirable reflexes are 
not well obtunded by it in ordinary 
concentrations such as the laryngeal 
and vagal reflexes. While it does not 
depress the circulatory system, it may 
disturb the automaticity of the heart 
with resultant cardiac arrhythmia. It 
cannot be safely and economically ad- 
ministered by all methods as in the 
case of ether. In order to take advan- 
tage of its desirable properties one 
needs to be skilled in its administra- 
tion. 

The introduction of these two drugs 
illustrates the highest degree of pre- 
caution taken before they were releas- 
ed for general use and displays good 
cooperation on the part of the manu- 
facturer and research worker during 
the study and clinical trial period. 

Recently a similar study lasting for a 
period of 8 years has been reported in 
relation to chloroform, witli careful 
laboratory and clinical controls'*® 

'’®. The cardiac effects of chloroform 
and cyclopropane were studied on 
dogs. Liver and kidney function were 
followed carefuly on many patients re- 
ceiving chloroform, cyclopropane and 
ether. Electrocardiographic records 
were taken on many hundreds of cases. 
In brief, the tendency of chloroform to 
produce liver and kidney damage is not 
particularly different from the many 
other anesthetic drugs®®. However, its 
danger lies, in the all too frequent se- 
rious cardiac depression. There were no 
cardiac deaths in over a 1000 admin- 
istrations but there were instances of 
cardiac arrest which were corrected by 
prompt and vigorous pulmonar)' in- 
flation with ox}^gen'®-“. 

New technics and methods of ad- 
ministration, or re-introduction of old 
methods, hai^e been of adi^antage. The 
Lemmon technic of continuous spinal 
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esthesia in the United States at that 
time. A few men were engaged in clin- 
ical anesthesia at the turn of the cen- 
tury and their numbers increased in 
the next period. Apparently the task of 
administering anesthesia was the least 
desirable and was assigned, all too 
often, to the “low man on the totem 
pole”. The importance of tire adminis- 
trator of anesthesia was not recogniz- 
ed, it provided very little remuneraion, 
and therefore few were found who 
were willing to devote the majority of 
their energy and interest to this phase 
of surgery. 

The practice of utilizing an appren- 
tice or intern for the administration of 
anesthesia until he was permitted to 
carry on what was considered more 
interesting activity has persisted in 
many places until recently. However, 
as might be expected, the depend- 
ability of such personnel for anestlie- 
sia caused frequent difficulties for the 
surgeon and gradually gave impetus to 
the development of personnel for an- 
estliesia along two lines: One, the em- 
ployment of physicians who spent the 
major portion of their time administer- 
ing the anesthesia, and two, the em- 
ployment of specially trained graduate 
nurses for this puqDOse. 

Galloway-^, writing at the end of 
the century, pointed out diat for die 
most part anestliesia was poorly taught 
to medical students. After a lecture 
from the surgeon on anesthesia, they 
were expected to be able to administer 
anestlietic agents without furdier su- 
pervision and perhaps no period of ob- 
servation. In discussing the relationship 
of the “anaesdietizer” to die operating 
surgeon, he says, “To do his best work, 
the surgeon must not have the respon- 
sibilit)>^ of the administration of the an- 
aesdietic on his mind; die anaestlietiz- 
er must have sufficient skill to keep die 
patient in the best possible condition 
to facilitate the operation.” He also had 
a well advanced understanding of 
proper professional respect as sho^^^l 


by liis statement, “In private practice 
the surgeon or the family physician 
should introduce the anaesdietizer to 
die patient widi the cheerful assurance 
diat in this doctor’s hands he need not 
have fear for his safety or comfort”. In 
another publication, Galloway^" dis- 
cusses the need for a specialty of an- 
esthesia and states his views on the im- 
portance of anesthesia, which are well 
ahead of the beliefs and practices of 
many other surgeons of his time. He 
made the following %^ery interesting 
prophesy: “The anaesthetizer will have 
to make his own place in medicine; the 
profession will not make a place for 
him, and not until he has demonstrated 
the value of his services, will it con- 
cede him die recognition which die 
importance of his duties entitles him 
to occupy. He will be obliged to define 
his own rights, duties and privileges 
and he must not expect diat his own 
estimate of the importance of his posi- 
tion will be conceded without opposi- 
tion”. This is an amazing prediction of 
the steps, trials and tribulations that 
the specialty and its active members 
have passed through since Galloway 
offered this information in 1899. 

The present director of Anesthesi- 
ology at Flower Hospital, New York 
City, D. E. Brace, is in charge of the 
oldest department of .anesthesia organ- 
ized and staffed by physicians, in diis 
country. In 1899, die late T. S. Buchan- 
an was appointed attending anesthetist 
at Flower Hospital in New York. As 
far as I have been able to ascertain, 
this was die first Department of An- 
esthesia in a hospital and medical 
school widi physicians designated as 
anesthetists. Buchanan was apparent- 
ly die first professor of anesdiesia when 
he was appointed to the Chair of An- 
esdiesia, established at Flower School 
of Medicine in 1905^=. The Hahne- 
mann Hospital and Medical School in 
Philadelphia started a department of 
anesthesia about the same time and 
these departments have been staffed 
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entirely by professional anesthetists 
ever since their inception. Previous to 
this organization anesthesia was ad- 
ministered by physicians'"'®. These in- 
stitutions, as well as many others, have 
demonstrated that anesthesia can be 
conducted entirely by the profession 
without technical administrators. In 
1898, Dr. T. L. Bennett®, one of the 
early pioneers in tlie practice of anes- 
thesia in Now York, was listed under 
the title of Anaesthetist and Instructor 
in Anaesthetics, Hospital for Ruptured 
and Crippled, New York. 

Golden®® has written at length dis- 
cussing his difiBculties in maintaining 
his independence as a consultant in 
anesthesia and collecting his fees di- 
rectly from tlie patient. It seems to 
have been common practice after 1900, 
as well as before, for the surgeon to 
pay tile anesthetist after collecting 
from the patient. Tliis allowed the sur- 
geon to fix the fee, make profit on it if 
he was not honest and was another 
irritating means of keeping the an- 
esthetist subordinate. 

There were many essays published 
concerning the status of anesthesia and 
anesthetists. Organized teaching was 
started in some medical schools. 
Robb®'* in 1909 recommended that a 
medical anesthetist hold a staflF ap- 
pointment in the medical school to 
teach anesthesia to medical students^ 
both theoretical and practical. Long 
in 1915, declared anesthesia to be a 
full fledged specialty and also admit- 
ted that a problem still existed in this 
statement “If the administration of an- 
esthesia were not looked upon as a triv- 
ial matter by the majority of surgeons 
and hospitals, and if the expert an- 
esthetist were accorded the same re- 
cognition as a consultant, as are the 
men in all other specialties there would 
be no anesthesia problem for solution”. 

Improvement in personnel was the 
very important feature of the period 
from 1900 to 1925. This phase of devel- 
opment has been ably discussed by 
Waters®^ and he has paid highest trib- 


ute to F. H. McMechan for his years 
of capable organization and his stand 
for better anesthesia. The reviewer 
recommends aU the publications pre- 
sented at the Ether Centennial for 
reading as tliey cannot be improved 
upon for the phases which they cover®. 
There was a marked increase in the 
number of physicians directing their 
activities to anesthesia. Tlie Long Is- 
land Society of Anesthetists was form- 
ed in New York in 1905; the first mem- 
ber, Erdman, is still living. This became 
the New York Society of Anesthetists 
and was later organized as tlie 
national organization (Gwathmey)®®. 
With F. H. McMechan as editor, the 
Quarterly Supplement in Anesthesia 
was published in die American Journal 
of Surgery from 1914 to 1926. Also, 
Year Books in anesthesia were publish- 
ed in 2 volumes for 1915-16 and 1917- 
18. Tliese journals contained many 
excellent publications by outstanding 
anesthetists and are recommended 
reading. 

During this time tlie nurses employ- 
ed by hospitals were taking an impor- 
tant part in anestliesia, namely, that 
of getting “today’s work” done, wliich, 
after all, is very important. It was 
never intended that they would, bring 
about scientific advances in the spe- 
cialty; nor was it intended diat tliey 
.would delay or prevent progress; so, 
if the latter has happened, it was in- 
direct and unintentional. The ques- 
tion arises how will this large group of 
nurse anestlietists fit into the next pe- 
riod where we can already anticipate 
marked changes in personnel adminis- 
tering anesthesia. Actually, with the 
rapid growth of tlie country witli in- 
creases in population tliere was need 
for all the physicians and nurses avail- 
able for any or all branches of surgery. 
Tliere was ample room for an increase 
in numbers of professional anesthetists 
without changing the entire personnel 
problem, except for constant improve- 
ments in the quality of the work. 

The specialty of anesthesia,' how- 
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ever, -was not widely recognized or 
accepted by the medical profession un- 
til recently. Some communities enjoy- 
ed the services of anesthetists who 
were doctors of medicine and who de- 
voted their full time to anesthesia; 
other areas had no such service. In- 
cident to the increase in number of 
surgical procedures there was a mark- 
ed increase in the number of nurses 
administering anesthesia. The remun- 
eration was better than for other types 
of nursing and the demand for some- 
one to do anesthesia was great. Con- 
fronted with this problem, many hos- 
pitals formed their own department 
and regarded the administration of an- 
esthesia as a hospital service instead 
of a professional one. This resulted in 
many physicians losing their interest 
in anesthesia, particularly those who 
had spent but a part of their time and 
interest in the field. In larger hospitals 
and medical centers physicians stopped 
administering anestliesia unless they 
wished to continue as full time spe- 
cialists. Some physicians accepted this 
system, working for a salary and doing 
contract practice of medicine. In some 
hospitals where physicians capable of 
administering anesthesia were avail- 
able, it was not included as a hospital 
service but the anesthetist worked on 
a fee basis. Even at the end of tire first 
quarter of the century very few medi- 
cal schools had proper teaching facili- 
ties in anesthesia for students. Medical 
students from most schools saw an- 
esthesia administered by nurses and 
had tlieir practical training, if any, 
from nurses. It is little wonder tliat 
very few thought of choosing such a 
field for their life’s work. Fortunately, 
some students encountered profession- 
al anestlretists and became interested 
in the specialt)^ In this period most 
surgeons’ e.xperience with physicians 
administering anesthesia was with 
those who had no schooling in the sub- 
ject, and whose skill, in many instan- 
ces, \yas limited. A fair number of phy- 
sicians had become very proficient in 


using some anestlietic drugs and there 
was a small number who spent nearly 
all their time administering anesthesia 
and could rightly be classed as spe- 
cialists. An organized system of teach- 
ing and dissemination of information 
was generally lacking. Therein lay tlie 
weakness of the specialty. What good 
to have so much knowledge and facts 
which were known but used by so few? 
The importance of anestliesia was re- 
cognized by some but many seemed to 
think tliese new features could be 
carried on readily by non-medical 
personnel. The specialty was not sufifici- 
ently supported financially or profes- 
sionally to attract enough physicians 
to its fold. The only good feature about 
this was that very few entered the spe- 
cialty who were not interested en- 
thusiasts, whose influence was to be 
felt in the next period. 

Though our leaders and teachers are 
not entirely satisfied, tliey have accom- 
plished a very good job during the pe- 
riod from 1925 to 1948. One measure 
of professional activity of a group is 
its organizations and publications. The 
activity of organizations to improve 
anesthesia has been continued and in- 
creased during this period. Such or- 
ganizations are common to all special- 
ties as are the resulting meetings and 
publications for the specialty and the 
profession. 

The New York Society of Anesthe- 
tists, organized in 1912, became the 
American Society of Anesthetists in 
1935. With a recognized national or- 
ganization, steps were taken to obtain 
an American Certifying Board. This 
was accomplished in 1937 tlirough the 
cooperation of the American Board of 
Surger)% which permitted Anesthesi- 
ology to be affiliated witli tlie surgical 
board; in 1941 tliis was changed so 
that anesthesiolog}'- had a separate 
board. In 1947, steps were taken to 
make each State Society of Anestliesi- 
ologists a component of die American 
Society of Anesdiesiologists widi a new 
system of representation from the en- 
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diseases and abnormal physiology 
in many patients that need surg- 
ical treatment. The results produced 
in the disturbance of physiology of 
respiration and circulation during an- 
esthesia are very unpredictable, much 
more so than the results from an aver- 
age operation. DifSculties frequently 
arise which require immediate recog- 
nition, diagnosis and correction to 
avoid delayed or immediate damage 
to the patient. This can be done by 
the anestliesiologist without interfer- 
ence with the surgeon’s work or peace 
of mind. One finds the best of sur- 
geons very grateful for this relief from 
responsibility even though they were 
able to get along before quite well by 
supervising the anesthesia carefully 
themselves. Then comes the situation 
of learning when mistakes are made; 
a professional anesthetist may make 
mistakes, but, if properly trained, he 
will learn not to repeat them. During 
his training period anesthesia will not 
be perfect but, properly supervised, it 
will be safe. Non-medical personnel 
are apt to repeat the same mistakes 
more frequently unless they have 
proper supervision. 

The problem of teaching anesthesia 
to graduate and undergraduate stu- 
dents is a serious responsibility of med- 
ically trained individuals interested and 
trained in anestliesia. Technicians who 
are unfamiliar with physiology and 
phaimacology, as well as the responses 
of the individual to disease entities can 
do little in tlie way of supplying instruc- 
tion to medically trained personnel. It is 
not likely tliat students will respect the 
indi\'idual who is not medically trained 
so far as medical subjects are concerned, 
and this includes anestliesia. Even in 
the case of anesthesia programs where 
there is a mixture of medically trained 
anesthesiologists and technicians, diffi- 
culties are present in relation to train- 
ing of the anesthesiologist. The facilities 
of well organized departments of an- 
esthesiolog)' are taxed to the limit nntli 


the important job of training qualified 
doctors of medicine and tliis, along with 
providing good anesthesia and contrib- 
uting to tlie advancement of the field, 
is an important task. All communities 
are not of sufficient size to support an 
anesthetist who devotes full time to tlie 
subject. Such is likewise true in the 
case of other specialties. This problem 
has not been settled by the utilizing of 
technicians to carry out procedures in 
surgery or obstetrics. Trained anes- 
thesiologists in smaller communities 
may carry on other types of practice 
as is common in the case of other 
specialties. Since it is now possible 
in most communities to practice anes- 
thesiology on the same basis as con- 
sultants in other specialties, encourage- 
ment has been afforded to doctors of 
medicine to enter the field. The con- 
cept that the anesthesia consultant 
ought to have the same status as other 
consultants is reasonable and proper. 
Institutions which employ all others on 
the professional staff are the only ones 
which logically might expect to do so 
with the anesthesiologist. 

In summary, anesthesia made little 
progress during the first period ( 1846- 
1900), but since 1900 there has been 
steady advance not only in the use of 
new agents and methods, but also in 
the matter of development of individ- 
uals highly skilled in the knowledge 
and technics of anesthesia. The special- 
ties of anesthesia and surger)^ are close- 
ly allied. To be most effective the 
anesthesiologist and the surgeon must 
cooperate not only for tlie best interest 
of tlie patient but also for the advance- 
ment of botli fields. Better anestliesia 
has permitted surgical procedures 
which would otlierwuss not be possible. 
Tlie requirements of the surgeon for 
better anesthesia to extend his useful- 
ness has been largely responsible for 
the increased demand for professional 
anesthetists and other advances in 
anesthesiology. 
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One of the curable types of vascular 
li}'pertension is tliat associated witli tlie 
release of pressor substances into tlie 
blood in excess amounts by the tumors 
of chromaffin tissue called "pheochro- 
mocytoma”, “paraganglioma”, or “cliro- 
maffinoma”. These tumors occur most 
frequently in the medulla of the adre- 
nal gland, but they have also been 
found in various other locations. They 
can occur wherever there is chromaffin 
tissue in the body. Such tumors have 
been found in the retroperitoneal tis- 
sues, in the sjonpathetic ganglia along 
the aorta or the vena ca\'a, in the ca- 
rotid body, in the organ of Zuckerkandl 
at the bifurcation of the aorta, and 1 
case'* has been reported arising from 
the second thoracic ganglion. If the 
tumor is present in the adrenal medulla, 
it is then usually called a “pheochro- 
moc\’toma”, while those in other loca- 
tions are designated “paraganglioma”. 

These adrenalin-producing tumors 
arise from the primitive sympathetic 
cells, the sympathogonia. These sym- 
pathogonia produce 2 kinds of cells in 
their development — the s^mipatlietic 
ganglion cells and the endocrine cells. 
The latter are called pheochromocytes. 
Thev arise from the- si'mpathogonia 
through the pheochromoblasts. The 
mature pheochromocytes arc recogniz- 
ed casilv in histologic preparations be- 
cause of their affinitv for chrome .salts 
( 2-’.; ) 


which stain tlie cellular substance 
brown. Tliese cells secrete adrenalin, 
tlie pressor substance, which is then 
discharged into tlie blood stream pe- 
riodically, and sometimes continuous- 
ly. When they are present in abnor- 
mally large numbers, as in neoplasm, 
they give rise to the syndrome which 
has come to be recognized as indicative 
of the presence of a chromaffinoma. 

These tumors are nearly always be- 
nign histologically, even though they 
niay'^ cause the death of a patient by 
progressive elevation of blood pressure 
and subsequent damage to the arterio- 
lar system. Baumgarten and Cantor* 
have aptly stated that chromaffinomata 
are benign anatomically but malignant 
physiologically. A small number of 
the reported cases have actually been 
malignant tumors histologically which 
had invaded the surrounding struc- 
tures. 

Pheocliromocy’tomata are relatively 
rare tumors. The original description 
of this tumor was made by Friinkel" 
in 1SS6 when it was found in the 
adrenal gland of a patient who had 
come to autopsj\ His report included 
a histologic description of the pheo- 
chromocvtdrna as well as a clinical 
history', physical e.xamination and a 
report of the ocular fundus. Recog- 
nition as a clinical entity’ stems from 
the report of Labbib Tinel and Doiirn- 
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er37 in 1922. The first surgical re- 
moval with cure of the condition was 
accomplished by C. H. Mayo^® in 1926. 
This was a retroperitoneal tumor in 
the region of the kidney and pancreas 
and was a typical pheochromocytoma. 
The patient is still alive and well. The 
first correct preoperative diagnosis fol- 
lowed by cure subsequent to opera- 
tion was the case reported by Pincoffs*'^ 
and Shipley^®* in 1929 where the tumor 
was found in the adrenal and had 
grown adherent to tlie vena cava. In 
1944, MacKeith^^ found 165 case re- 
ports. Snyder and Vick®° in a careful 
review of the literature up to 1945, 
were able to find a total of only 84 
cases wliich they thought were proved 
chromaffinomas with convincing evi- 
dence of hyperadrenalinemia. Since 
then about 35 additional proved cases 
have appeared in tire literature. The 
most complete review of the ocular 
changes associated witli this condition 
was published by Bruce^^ in 1947. He 
analyzed 38 case reports from tlie liter- 
ature and discussed in detail the ocular 
changes in 3 cases, which also are re- 
ported elsewhere by Snyder and Vick®” 
and by Goldenberg, Snyder and Ar- 
anow“^. 

The so-called “adrenal-sympathetic 
syndrome” is the classical clinical pic- 
ture in patients with pheochromocy- 
toma. In t}q)ical cases tlie diagnosis 
is fairly simple, since there are parox- 
ysms of hypertension associated usually 
with palpitation, severe headaches, ex- 
treme anxiety, severe sweating, nausea 
and vomiting, lacrimation and dilata- 
tion of the pupils. During such at- 
tacks there ma}' be glycosuria, hyper- 
glycemia, exophthalmos, swelling of 
tile thyroid gland and tlie signs and 
.S)miptoms of Raynaud’s disease. These 
are all manifestations of the 11 )^) 61 X 00 - 
tabolisni produced by the outpouring 
of adrenalin into the blood. The blood 
pressure between attacks may or may 
not be elevated. It has been postu- 
lated tliat ei'entuall}'^ all patients with 


pheochromocytoma will develop a per- 
sistent hypertension in the interim be- 
tween attacks of paroxysmal hyperten- 
sion. In a small percentage of patients 
with pheochromocytoma, tlie blood 
pressure does not become elevated in 
paroxysms but remains persistently at 
high levels and accompanying evi- 
dences of increased metabolic activity 
are present. Patients aflFlicted with 
plieochromocytomas are very often al- 
ready under treatment and observation 
for diabetes, hyperthryroidism or otlier 
metabolic diseases at the time the 
diagnosis is made. Many of tliese 
patients have tumors of other organs 
of the body. About 10% of patients 
with pheochromoc)4:omas have von 
Recklinghausen’s disease. 

Approximately one-third of the case 
reports of chromaflinomata in the liter- 
ature have notes on ocular examina- 
tions. Many of these reports are brief, 
and only about one-half of those which 
include ophthalmoscopic examinations 
make any mention at all of tlie condi- 
tion of tlie retinal vessels. From the 
available literature I have been able to 
collect reports of, 66 proved cases of 
hypertension associated witli pheochro- 
mocytoma in which examinations of 
the ocular fundi had been included. To 
these I have added 4 previously unre- 
ported cases of paroxysmal hyperten- 
sion caused by pheochromocytoma 
proved by surgery at the Mayo Clinic. 
These 70 cases are considered here 
and tlie retinal lesions analyzed. 

For consideration of the retinal 
lesions present tliese cases may be 
divided into 3 groups: 1, those with 
paroxysmal attacks of hypertension 
but witli normal blood pressure be- 
tween attacks; 2, those witli parox- 
ysmal attacks of Iqrpertension but 
witli persistent elevation of blood pres- 
sure aboi^e 150 systolic or 90 diastolic 
between attacks; and 3, tliose wutli a 
persistently elei^ated blood pressure 
wliich. ga\'e no histor)'^ of any form- of 
paro.xysjtial episodes. In each of tliese 
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3 groups tliere occur cases which show: 
A, no pathological changes in the re- 
tinas; B, onlj' hemorrhages in the re- 
tina; C, only vascular changes without 
exudates; and D, retinopatliy or neuro- 
retinopathy. These data are shown in 
Table 1. 


died of congestive heart failure, and 
a pheocliromocytoma of the adrenal 
was found at autopsy. Ophthalmoscop- 
ic examination revealed papilledema 
and many hemorrhages and exudates; 
no mention was made of tlie condition 
of the retinal arterioles. Goldner’s pa- 


Xormal Fundi 
Hemorrhages only 
Vascular changes 

without retinopathy 
Retinopathy or 
Xeurorctinopathy 
Total 

Thus, it is seen that among 24 pa- 
tients with normal blood pressure be- 
tween attacks of paroxysmal hyperten- 
sion, 10 (41.6%) had normal fundi, 
while only 5 of 46 patients (10.9%) 
with persistent elevation of blood pres- 
sure had no lesions in the retina. Four 
of the latter 5 had paroxysmal episodes 
and 1 had no such attacks. Among tlie 
12 patients witliout persistent hyper- 
tension who had retinal lesions but no 
retinopathy, 415.32,33.70a only mini- 
mal to moderate sclerosis of tlie retinal 
arterioles, 2^’®” had only arteriolar nar- 
rowing, and l‘’'’> had grade 1 narrow- 
ing and grade 1 sclerosis. The notation 
on Baker and RienholTs case- stated 
only that there were arterial changes 
and a few hemorrhages in tlie retina. 
Four other autlior.s"'®'''“’“-'®‘ had merely 
noted hemorrhages in the retina xvith- 
out obserx'ing any changes in the reti- 
nal x’cssels. Thus, 6 of the 24 patients 
who did not ha\c constant elevation 
of blood pressure are said to have had 
.sclerosis of the retinal arterioles (25%). 
Two patients in whom the blood 
pressure was not elevated between the 
paroxysms had retinopathy. Bensis and 
Codonnis’ patient'’’ bad a long history' 
of kidney disease with renal stones. For 
S months he had paro.xysmal attacks 
during which the blood pressure rose 
from "140/70 to 290/200. Tlie patient 


Total 

No. of eases % 

15 ZIA 

6 8.6 

18 25.7 

31 44.3 

70 100.0 

tient-^ showed about grade 1 narrow- 
ing and questionable sclerosis of tlie 
retinal arterioles, and there were many 
cotton wool patches and hemorrhages 
in the retina. There was complete re- 
turn to normal after operation. 

The second group of patients, those 
having ^^ersistent elevation of blood 
pressure in the interim between parox- 
ysmal episodes, show a greatly increas- 
ed incidence of retinopathy over tlie 
first group. Only 4 ( 10.5% ) of these pa- 
tients were reported as having normal 
ocular fundi. Hyman and Mencher’s^^'^ 
patient was reoperated by .Calkins and 
Howard^--'* 4 years later because of 
persistent symptoms and another tu- 
mor was removed, witli resultant com- 
plete cure. Tliere had at no time been 
any change observable in the eye-, 
grounds. Muntz, Ritchey and Gatch^’ 
reported a patient witli paro.xysmal 
hypertension and elevated interim 
blood pressure for 2 years. This patient 
had bilateral adrenal tumors and as- 
sociated malignancy of the thyroid 
with metastases. Tin's patient had only 
slight tortuosit}' of the arterioles with 
no sclerosis nor hemorrhages. During 
attacks, the authors noted scleral in- 
jection and e.xophthalmos. Tlie other 
2 patients-^’*''® with normal retinas 
were operated and cured. 

Bartels and WalF noted only many 


Table I.— Relation of HYPEnTESsiox to Ocular Changes. 



Persistent 

Persistent 


Hypertension 

Hypertension 

Paroxysmal 

With 

Without 

H>’pertension 

Paroxysms 

Paroxysms 

10 

4 

1 

4 

0 

0 

8 

8 

2 

0 

23 

6 

24 (34.3%) 

37 (52.8%) 

9 (12.9%) 
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small retinal hemorrhages in tlieir di- 
abetic patient who was 65 years old 
and had had paroxysmal hypertension 
for one year prior to his death. Wash- 
ington and his collaborators®® mention 
only a few recent hemorrhages at the 
optic disk margins in a patient who at 
autopsy was found to have severe nec- 
rotizing arteriolitis in many organs of 
the body. Of the 8 remaining patients 
in this group, 5 cases had about grade 
1 narrowing and grade 1 sclerosis of 
the retinal arterioles. These were re- 
ported by Blacklock et Kvale et 
Goldenberg, Snyder, and Ara- 
now“‘’‘= with description of fundi by 
Bruce“. Tlie case reported by Beer, 
King and Prinzmetal® was also report- 
ed % Hyman and Mencher®®^ and by 
Calkins and Howard^®*^, The case of 
Engel, Mencher and EngeP"^ was again 
reported by Hyman and Mencher®®** 
and by Mencher^®. Three cases^^’®'^“-®® 
had somewhat more marked vascular 
changes. 

Of the 37 patients reported who had 
persistently elevated blood pressure 
between attacks of paroxysmal hy- 
pertension, 23 (62.2%) had retino- 
pathy or neuroretinopathy. Several au- 
tliors®®’®^**’®^**'^®’®® mentioned only that 
albuminuric retinitis or hypertensive 
retinopathy was present, but they gave 
no detailed description of die retinal 
lesions. This was true also of Gortz’s®® 
patient reported by Espersen and 
Dahl-Iversen^®. Bodin®^ published a 
very complete description of tiie ocular 
fundi in a patient widi a pheochro- 
mocytoma successfully removed surgi- 
cally. The case had been previously re- 
ported by Biskind, Meyer and Bead- 
ner®. Photographs of die rednas taken 
at intervals after surgery rei'ealed the 
gradual disappearance of papilledema, 
hemorrhages, exudates, macular stars 
and narrowing of die retinal arterioles. 
The ocular fundi were reported a.s 
normal 3^^ years after the operation. 
Five patients^'*’®^’®®’®^'*-®' who had pa- 
pilledema, hemorrhages and e.vudates 


were said to have arterioles narrowed 
variously from grade 1 to “extremely 
spastic”®’^. All recoi'ered and had a pro- 
gressive improvement in die retinal 
picture postoperatively. 

In this group of patients, it was much 
more common to have neuroretino- 
padiy than it was merely to have cot- 
ton-wool patches and vascular changes. 
Papilledema was stated definitely to be 
absent in only 3 cases: diose reported 
by Coller et Edward^®, and the 
case published by Snyder and Vick®®'* 
with detailed ocular description by 
Bruce”. In addition to the 6 patients 
mentioned above in which papilledema 
was associated with spastic constric- 
tion of the arterioles, papilledema was 
noted in 9 patients®®’®®’^®’^®’^®’®’^'®®'®®**'®® 
associated with retinal arterioloscle- 
rosis ranging from grade 1 to grade 3 
and arteriolar narrowing ranging from 
grade 1 to grade 3. Most auQiors who 
took note of the arterioles remarked on 
the high degree of spasticity in tlie 
vessels, but only Green®’’' and Volhard®® 
commented on the presence of localiz- 
ed constrictions in the arterioles. Goller 
and his collaborators’'® mentioned the 
presence of endarteritis and periarter- 
itis. Snyder and Vick®®'* and later 
Bruce” reported an 11 year old negro 
girl who had one paraganglioma at the 
bifurcation of the aorta and another in 
the right epigastric area. She was noted 
to have pronounced narrowing and 
tortuosity of the arterioles, nicking of 
the veins and beginning macular stars 
but no papilledema. 

Among the 37 patients widi parox- 
ysmal hj^ertension but wMi persistence 
of elevated blood pressure between at- 
tacks, 16 (43.2%) were said to have 
retinal arteriolosclerosis. 

Among the 9 patients witli pro^'^ed 
pheochromocytomas i n whom tlie 
blood pressure was steadily elevated 
and no definite paroxysms occurred, 

1 (11.1%) had normal ocular fundi, 

2 (22.2%) had only retinal vascular le- 
;sions and 6 (66.7%) had retinopathy. 
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Linder and Tyler^^ reported a pa- 
tient \vith chronic duodenal ulcers and 
\vith hypertension but wthout parox- 
ysmal episodes who complained only 
of headaches and dizziness for 4 years, 
but was found to have a pheochromo- 
cytoma on autopsy. Her retinal vessels 
were reported to be normal. Thom, 
Hindle and Sandmeyer*^® and Binger 
and Craig" each reported a patient 
with persistent hypertension cured by 
removal of a pheochromocyi:oma, nei- 
ther patient haxing had paroxysmal 
hypertension. Botli tliese patients had 
severe arteriolar narrounng. Thom’s pa- 
tient had severe sclerosis, while Bing- 
er’s patient had little or no sclerosis of 
die retinal arterioles, but did have 
grade 1 local spastic constrictions in 
the arterioles. 

In 6 patients widi persistent hyper- 
tension but without paroxy'smal at- 
tacks, ophthalmoscopic examination 
revealed the presence of retinopathy. 
In 2, those of Brenner et and 
Holst®**^, the descriptions of the ocular 
fundi were radier brief. Brenner noted 
papilledema, narroiving of the arte- 
rioles, macular stars and numerous 
hemorrhages. Holst mentioned only' 
poor vision and albuminuric retinitis in 
a 19 year old male xridi considerable 
fluctuations in blood pressure but no 
paroxysmal attacks. Kremer"^ mentions 
nephritic retinitis wth arterioloscle- 
rosis and bilateral optic atrophy' in his 
patient. One of Snyder and Vick’s®®'^ 
patients, also reported by Goldenbcrg. 
Snyder and .-\ranow-^® and by Bnice”, 
was a 12 y’car old girl who had no 
paroxysmal hy'pertension nor great 
fluctuations in blood pressure, which 
remained about lSO-240 systolic and 
120-170 diastolic. Her presenting com- 
plaint was excessive perspiration. Her 
eves were at first normal, but she grad- 
ually developed papilledema, arterial 
.spasin, venous compression, hemorr- 
ba"es. exudates, and diminution of 
visual acuitv coincident vith the devel- 
opment of macular stars. Six months 


after her 2 adrenal pheochromoev- 
tomas were removed, she had no papil- 
ledema, hemorrhages or exudates and 
the blood pressure was normal. Ed- 
ward^® noted hemorrhages, exudates, 
and irregular constrictions in the arte- 
rioles in a patient wtli pheocliromo- 
cytoma who had had no symptoms 
prior to the sudden onset of hemiplegia. 
Tliis patient died 7 days after this in- 
cident. His blood pressure remained 
constantly at 220-230/140 during this 
period. 

A 21 y'ear old girl was seen at the 
Mayo Clinic irith a 3 y'ear history of 
persistently elevated blood pressure, 
nerx'ousness, severe sweating, marked 
intolerance to heat, and an elevated 
basal metabolic rate. She was discover- 
ed to have a pheochromocytoma of 
the right adrenal as well as a grade 2 
carcinoma of the pancreas. Her eye- 
grounds showed papilledema, grade 
2-3 narrowing, minimal sclerosis, and 
grade 2 focal constrictions in the arte- 
rioles. There were numerous cotton 
wool patches, hemorrhages and partial 
macular stars in both eyes. Postopera- 
tively', there was a gradual regression 
of all retinal changes. At the present 
time, 1% years folloxring operation, 
her blood pressure is normal, she notes 
only’ mild heat intolerance, her basal 
metabolic rate is at die upper limits 
of normal and she has only' about 
grade 1 narrowing of the retinal arte- 
rioles wth complete 'disappearance of 
neuroretinopatliy'. 

In this small group of 9 padents 
wdth constant hy'pertension, 5 (55.57o) 
were said to have retinal arterioloscle- 
rosis. 

Seieral authors observed the eye- 
grounds during the paroxysmal attacks 
of hypertension in their patients and 
reached vary'ing conclusions. TIic pa- 
tient reported by Kvalc, Roth, cl al."' 
was obscrx’ed by Dr. 11. P. ^^^agener 
during an attack. He could detect no 
change in tlic calibre or appearance 
of the retinal vessels. Tlic same vas 
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true in the patient reported by C. H, 
Mayo^®. Hyman and Mencher^®*’ and 
Evans^® noted slightly increased nar- 
rowing and propulsive pulsation of 
the arterioles during an attack. Snyder 
and Vick’s patient was examined 
during an attack in which the dia- 
stolic pressure was measured at 300 
mm. of mercury. The pupils were then 
widely dilated, tlie papilledema in- 
creased, and the arterioles further con- 
stricted and there was increase also in 
hemorrhage, exudation and arteriove- 
nous nicking. Lecuire et al.^^ reported 
that botli the arteries and the veins in 
the retina dilated and the diastolic 
blood pressure in the central artery of 
the retina rose from 45 to 70 in their 
patient during an attack. Perera^® not- 
ed that during attacks his patient show- 
ed very definite spasm of the arterioles, 
with considerable narrowing and irreg- 
ularity. 

Most authors report wide dilatation 
of the pupils and increased lacrima- 
tion during attacks of paroxysmal hyper- 
tension. SeveraP'^'^'®*’ noted exophthal- 
mos coincident with great increase in 
blood pressure. Philips®^ described a 
left-sided Horner’s syndrome in the pa- 
tient he reported who had a paragang- 
lioma in tlie vicinity of the first left 
thoracic ganglion. He ascribed the 
Horner’s syndrome to involvement of 
the efferent sympathetic fibers passing 
through the first thoracic ganglion 
from the spinal cord on their way to 
the cervical sympathetic chain. 

Whether the elevation of blood pres- 
sure, originally parox)^smal in type, re- 
sulting from a pheochromocytoma, will 
become constant eventually in all cases 
is still a matter for conjecture. In this 
series there are 5 patients^^-^®’'''’’®^*^-®- 
who had had paroxysms of h}'perten- 
sion for from 5 to 10 }'ears. They each 
still had normal blood pressure be- 
tween attacks v'hen examined, and 
there was no retinopath)^ And yet, if it 
is assumed that tliose patients who do 
have persistent hypertension have a 


superimposed essential hypertension, 
the blood pressure should not return to 
normal after removal of the pheo- 
chromocytoma. Postoperative blood 
pressures are recorded in 25 of tliese 
patients. Among them the blood pres- 
sure remained slightly elevated in 
6 in 5 of whom ret- 

inal arteriolosclerosis was present. The 
fact that retinal arteriolosclerosis was 
stated to be present in a fair percentage 
(38.6%) of these patients, would seem 
to indicate that elevation of blood pres- 
sure in itself, from whatever cause, can 
produce the ophthalmoscopic appear- 
ance, at least, of retinal arterioloscle- 
rosis. It seems fairly well established 
that retinopathy and neuroretinopathy 
do not usually develop in patients witli 
pheochromocytoma until the blood 
pressure becomes persistently elevated 
Ijetween attacks. However, it is evi- 
dent from this series that the severe 
retinal changes can occur occasionally 
even with normal interim blood pres- 
sures®’^®. It is of interest that 10 of the 
70 cases occured in children under the 
age of 16. In all of them, retinopathy 
was present. 

As has been noted before by Bruce^^ 
and Wagener®', the retinopatliy as- 
sociated with the hypertension of pheo- 
chromocytoma is indistinguishable 
ophthalmoscopically from that of pri- 
mary (essential) hypertension, al- 
though, as in the matter of arterio- 
losclerosis itself, the data is not too ac- 
curate or conclusive. It is of interest 
that among the 31 cases of retinopathy, 
19 (61.4%) would seem to be of the 
acute h)rpertensive type without scle- 
rosis of tlie arterioles. 

A furtlier matter of interest may be 
noted. In 5 cases®’“^“’“®’®®’™‘^, tliere 
was reported a diminution in die de- 
gree of arteriolosclerosis of the retinal 
arterioles postoperatively. This would 
seem to indicate that in severe degrees 
of hypertension with sei'^ere narrowing 
of the retinal arterioles, there may be a 
heightened arteriolar light reflex wliich 
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simulates the higher degrees of scle- 
rosis. This phenomenon would tend to 
be a misleading factor in assessing and 
interpreting vascular damage. 

Since the ophthalmologist sees many 
of these patients primarily because of 
visual difficulties, he should bear in 
mind the possibility of the presence of 
this curable disease when confronted 
with hypertensive retinopathy, espe- 
cially if the retinopathy is of the acute 
hypertensive type without associated 


retinal arteriolosclerosis, and perhaps 
especially if it is seen in a child. The 
further point is brought out by a renew 
of tliese cases that retinopathy with 
papilledema even in the presence of 
retinal arteriolosclerosis is not neces- 
sarily a fatal prognostic sign. The diag- 
nosis of terminal malignant hyperten- 
sion should not be considered as estab- 
lished until all possible causes of sec- 
ondary h}Yertension have been niled 
out. 
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Studies on tlie Action of a Syntlietic 
Heparinoid®. Joseph Seifter, M. D., 
and Albert J. Begaxy, A.B. (Wyeth 
Institute of Applied Biochemistr)', 
Phila.). 

The S}Tithetic antithrombins avail- 
able heretofore are too toxic for clinical 
use. However, Snyder and Album have 
recently prepared Hepinoid, a poly- 
sulfuric ester of polyanhydromannur- 
onic acid, which does not appear to 
have this drawback. The pharma- 
cology and to.xicolog)" of Hepinoid 
ha\'e been inv'esb'gated in animals and 
humans and were found closely to re- 
semble tliose of heparin. In tlie study 
briefly reported here, attention has 
been centered on elucidating the causes 
for the relatively rapid dissipation in 
vivo of a single therapeutic dose of 
heparin or Hepinoid. 

The toxicit}' of Hepinoid was found 
to be no greater than that of heparin, 
and about 1/10 to 1/20 that of other 
heparinoids. This can be seen from 
the following list of LD.-,n values 
determined as mg.Ag. of mouse 
by intra\'enous injection: heparin, 
1500-2000; Hepinoid, 189S; cellulo.se 
sulfuric ester. 100; oxycellulose sulfuric 
ester, 200. 

The anticoagulant potency of thcra- 
pc'utic doses of Hepinoid in humans 
is 1/7 that of heparin. In all species 
tested, both the intensity and the du- 
ration of action arc proportional to the 
dose administered. However, when 
relativelv large doses are administered, 
such as 1/10 tlie LD-n. the potency of 
both antico.agulants arc practically 
identical and the duration of action is 
prolonged for 10 to 11 liours. 
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The relatively brief duration of ac- 
tion of heparin has been various!}" at- 
tributed to urinar}" e.xcretion, phago- 
cytosis by the reticulo-endotlielial cells, 
destrucfa'on by the enz}'me heparinase, 
and inactivation by thromboplastic sub- 
stances in the tissues. E.\‘periments 
were made, therefore, to determine 
whether Hepinoid was inactivated by 
any of these mechanisms and also to 
determine how valid these are for 
heparin. 

Following intravenous injections of 
therapeutic doses of heparin or Hep- 
inoid it was ne\"er possible to recover 
more than 307o in the urine. It ap- 
peared, tlierefore, that e.xcretion of 
these substances in tlie urine is not 
the important factor in the dissipation 
of their action. Tin's was conclusively 
confirmed when bilateral nephrectomy 
failed to prolong the anticoagulant ef- 
fects of a therapeutic dose of either 
substance. 

Nor was the duration of anticoagula- 
tion significantly affected by any of the 
following procedures; splenectomy; 
complete hepatcctomy; combined 
nepbrectomy, splenectomy, and hepa- 
tectomy; injections into the bone mar- 
row of die tibia; ligation of the carotid 
and vertebral arteries; blockade of the 
reticulo-endotlielial system will) India 
ink— to the point where frequently an 
endogenous anticoagulant is released; 
stimulation of the reticulo-endotlielial 
system by histamine, and depression of 
it In' antihistaminic drugs. All of thc.se 
negative results e.xcludc the following 
as being responsible for the relatively 
brief effect of a therapeutic dose of 
heparin or Hepinoid: urinary e.xcretion, 

nntiJJirrimStni, m f.rilrr to 
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as already mentioned; enzymatic 
destruction in the liver; inactivation by 
thromboplastic substances in certain 
tissues; and phagocytosis by cells of the 
reticulo-endothelial system. Phagocy- 
tosis was seen in intact animals, but 
was most active after the anticoagulant 
effect had worn off. 

Heparin and Hepinoid appear, there- 
fore, to be inactivated in tlie peripheral 
blood stream, and indeed the results of 
current in vitro experiments tend in 
this direction. The inactivating agent 
appears to be an antithrombin inhibitor. 

Glycolysis in Homogenates and Ex- 
tracts of Malignant Tumor. Otto 
Meyerhof, M. D., and Jean R. Wilson, 
M. S. (Dept, of Physiological Chem- 
istry, Univ. of Penna. ). 

In homogenates and centrifugal ex- 
tracts of malignant tumor a steady gly- 
colysis of free sugar of a rate 2 to 3 
times that of tissue slices is obtained if 
the activities of the hexokinase and the 
ATPase are brought into step. This is 
made possible eitlier by addition of 
purified hexokinase from yeast or with- 
out any foreign enzyme if the tumor 
ATPase is specifically inhibited. 

ATPase of tumor is weakened by 
several days’ freezing but with still 
greater regularity by narcotic or spe- 
cific inhibition. Most effective are 
very high members of narcotic series; 
octyl-, decyl-, and dodecylalcohol and 
toluene are suited best. A similar effect 
is obtained ^vith about M/100 of Na 
azide. Most work was done with octyl 
al'^'^hol. The sti'ong inhibition of tlie 
ATPase of tumor by higher members 
of the narcotic series is remarkable 
because the ATPase of normal tissues 
is only slightly aCFected, sometimes in 
the direction of inhibition, sometimes 
in the direction of activation. 

Mhtli octylalcohol values of 

homogenates of 50-60 are easily ob- 
tained and somewhat smaller (40 - 45) 
for cxtiacts. The differences in die 
turno\’cr rates for I'arious sugars, espe- 
cially for glucose and fructose closely 


resemble those of die living tumor 
tissue in die absence of inhibitors. 

Furdier Studies of die Effect of 
Hypertonic Glucose on the Circulation. 
James P. Walsh, M. D. ( Dept, of Ther- 
apeutic Research and of Medicine, 
Univ. of Penna. ) . 

T he initial studies (unreported) by 
Dr. Marcel Segers and the audior had 
demonstrated that after die rapid intra- 
venous injection of 50 cc. of 50% glu- 
cose in 14 subjects with cardiac disease, 
there was a prolonged increase in 
cardiac output as measured by the bal- 
listocardiograph. In contrast, in 9 sub- 
jects widi normal hearts, although the 
cardiac output increased initially, it 
returned to the basal level in 6 to 8 
minutes. There was little or no change 
in blood pressure or cardiac rate after 
the glucose injection in either normal 
or cardiac patients. 

Furdier studies after similar injec- 
tions of glucose included the measure- 
ment of peripheral venous pressure by 
a saline manometer in 2 normal sub- 
jects and 4 with heart disease; . and of 
plasma volume by the dye T-1824 in 4 
normal subjects and 10 widi heart dis- 
ease. These detenninations and esti- 
mates of cardiac output by die ballisto- 
cardiograph were made at intervals of 
5 to 15 minutes for 30 to 45 minutes 
after the glucose injection. 

There was a small initial increase in 
peripheral venous pressure after glu- 
cose injection with a prompt return to 
the basal level. In 45 paired estima- 
tions of cardiac output and plasma 
volume,, there was a statistically signifi- 
cant correlation between the changes 
occurring in each after die injection 
(correlation coeflBcient 0.41). How- 
ever, diis correlation was not a close 
one and change in plasma volume was 
by no means always followed by a con- 
comitant charge in cardiac output. 

Since die change in blood volume 
affects venous pressure so little, it 
probably does not cause die prolong- 
ed increase in cardiac output; so diere 
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may well be a specific stimulating effect 
of glucose on tEe failing myocardium 
as has been observ'ed in the animal 
heart-lung preparation. 

Further Studies on Intraarterial 
Temperature. Leon Eisenberg, M. D., 
and H. C. Bazett, M. D. (Dept. 
Physiol., Univ. of Penna. ) 

Pre\uous reports have given evidence 
of considerable exchange of heat be- 
tween cool blood returning in venae 
comites from tlie periphery of limbs 
and warm blood flowing out of adja- 
cent arteries. Thereby venous blood is 
reu'armed at the expense of arterial 
cooling, even to temperatures below 
22° in the radial artery. ITie exis- 
tence of such exchanges may be dem- 
onstrated readily in animals by per- 
fusing a femoral \'ein with cooled 
saline. A steep thermal gradient may 
thus be set up witliin a short length of 
femoral artery, which varies with the 
rates of flow in both artery and vein. 

General reflexly-induced vascular re- 


sponses to warmth are discussed in the 
literature without regard to the com- 
plexities introduced by wasodilation 
and these thermal exchanges, which 
can account for tlie long delay in ob- 
served effects. E.xposure of tlie hands 
to hot water may induce a rise in 
temperature in the dorsalis pedis with- 
in one minute but this can be counter- 
acted by a simultaneous fall in tem- 
perature in central \'essels. Increased 
blood flow raises thermal conductance, 
redistributing heat and wanning the 
colder peripheral areas at the expense 
of those that are warmer and more 
central. Vasodilation causes not only 
greater inflow of blood but also more 
rapid return of cooled venous blood. 
Even in an artery as peripheral as the 
radial tliese effects can for some time 
compete with one another, delaying a 
rise of temperature or even producing 
an initial fall as the result of vasodi- 
lation. 
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BOOK REVIEWS AND NOTICES 


History of Medicine. By Cecilia C. 
Mettler, Ph.D., late Asst. Prof, of Medi- 
cal History, Univ. of Georgia. Pp. 1215; 
16 ills. Phila.: Blakiston, 1947. Price, 
S8.50 

Fortunately the manuscript of this lat- 
est addition to systematic works on medical 
history, which we are told was under prepa- 
ration for somewhat over 9 years, was com- 
pleted shortly before the untimely death of 
its talented authoress. For it is a valuable 
contribution, both in the utility of its novel 
approach, in the general accuracy of its 
considerable factual content, and in the very 
liberal use of quotations from the writings 
of the great figures of the past. These, easily 
picked out in small type, range from 5 or 
6 lines to 2 oi' more pages in length and 
probably constitute an eighth or more of the 
text. Thus in the 40 pages devoted to 
Pathology and Bacteriology, there are over 
30 such excerpts. 

As a zealous but honest professional 
teacher of medical history, Dr. Mettler 
appreciated the comparative failure of its 
teaching to medical students in this country. 
This and her lielief in the value of medical 
history in aiding the study of medicine, as 
opposed to its “dubious cultural value”, has 
largel}'' determined the general form of the 
book. To aid in teaching the subject “on a 
correlative basis”, the Contents are arranged 
under 15 main topics, corresponding in gen- 
eral to those of the average medical curricu- 
lum. Each of these is subdivided, mostty 
chronologicallj'' but also at times geographic- 
all}’’ or by special subjects, such as Morbus 
Gallicus. The Twentieth Century, already 
among the greatest in medical achievement, 
has not been included. Therefore, if the 
histoiy of such classical discoveries as insulin, 
liver extract, the virus diseases and the rest 
that crowd in increasing measure each de- 
cade of the centurj’’ is to be correlated with 
the curriculum, it must be without the help 
of this book. 

The book will, to be sure, be useful in 
gmng the medical student “an introduction 
to the principles underljdng the development 
of the fields” of his curriculum, and in pro- 
viding some familiarity with “the climate of 
opinion” surrounding a given advance or 
period. But when it is also aimed “to meet 


the particular needs of the specialist who is 
interested in a single field”, this simply can’t 
be done properly, any more than it can in any 
other one volume historj’’ of such a vast sub- 
ject. To be sure, the seeker is aided by 
copious reference notations — everj'’ column 
contains one or more references to individual 
authors or incidents — and in addition at the 
end of every chapter are found several pages 
of selected readings covering various sub- 
divisions of the chapter. 

How will this attractive book be of use 
and earn the success that it deserves? As 
supplementary to an inspiring teacher, the 
student being given adequate time, it should 
correlate the subject more easily than other 
works of its kind. There will be some medical 
history readers who will get from it the 
entertainment and scholarlj’- or recondite 
background sought by the author, and this 
frequently reinforced by the original writer’s 
own words. A good index, too, increases its 
value as a book of reference. The unusual 
arrangement of chapters of course will tend 
to hinder progressive reading, but who reads 
such books as simple narratives anyhow? 

The book, then, may be said to occupy a 
middle position between the conventional 
Histories and such a series as Clio Medica 
(taking the series as a whole), with a dash on 
the side of such anthologies as Classical 
Descriptions of Disease. It will be a welcome 
addition to the medical history shelf. E. K. 


Researches on Normal and Defective Col- 
our Vision. By W. D. Wright, A.R.C.S., 
D.Sc. Technical Optics Section, Imperial 
College of Science and Technology, Lon- 
don. Pp. 383; 233 ills. St. Louis: C. V. Mos- 
by, 1947. Price, $10.00. 

The first 2 chapters in tliis book serve as 
an introduction to tlie eye as a sense organ. 
In this section, tlie physiology of the retina 
is briefly re%dewed in tlie light of recent 
knowledge. The rest of tlie book is largely 
composed of data on color vision obtained by 
tlie author’s owm researches. He is well known 
in this field and those who are interested in 
color vision will find much data of value. 
The book is not recommended for tliose who 
have not had laboratory' e.xperience in this 
field. F. A. 

12.37) 
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Di-XAMic Aspects of BIocHE^^sTBY. By 
Ernest Baldwin, B.A., Ph.D., University 
Lecturer in Biochemistiy, formerly Fellow 
of St. John’s College, Cambridge. Pp. 457; 
33 figs. New York; Macmillan, 1947. 
Price, S4.00. 

Tirn vital aspects of 2 leading fields in bio- 
chemisti)'— enz)Tnes and metabolism— are rath- 
er thoroughly considered in the light of past 
and new developments. The book is written 
from an investigator’s viewpoint and is not 
a mere collection of facts. Historical develop- 
ment of different phases are included, which 
makes for easier understanding. Experiments 
are often described in considerable detail, and 
experimental methods arc criticized in un- 
biased fasliion. The text runs the gamut of 
enzyme s)'stems and includes the new con- 
cepts of liigh energj’ exchange in ATP me- 
tabolism. Fat, protein, and carbohydrate 
metabolism is thoroughly discussed and illus- 
trated with ample formulae. There is an 
interesting chapter on comparative aspects of 
nitrogen excretion. Where gaps in knowledge 
exist, speculation is often resorted to, but 
the author usually indicates clearly the specu- 
lative phases. I. Z. 


Medicinr, (Volume I) The Patient and His 
Disease. By A. E. Clark-Kennedy, M.D., 
F.R.C.P., Fellow of Corpus Christi College, 
Cambridge; Physician to the London Hos- 
pital and Dean of the Medical School. Pp. 
3S3. B.allimorc: Williams & Wilkins, 1947. 
Price, .$6.00. 

Tins book is another brave attempt to 
achieve the impossible; “it is intended to 
inculcate an attitude of mind. It is written to 
present facts which c-ould be deduced from 
principles being committed to memoiy un- 
nccess.arily’’. This highly desirable goal is un- 
fortunately not reached by this volume. 

Chapter I in 3S pages discusses "Energy 
and matter— Life— Organic evolution— Hercd- 
il) —Development — Constitution — Conscious- 
ness and mind." At this rate it is ea.sy to sec 
how much can be crowded into the rem.ain- 
ing 341 pages. .Actually, an enormous number 
of flat statements are made and there is a 
dis.ippointing lack of the integration svhich the 
author hoped to present. 

in the hurried attempt to cover cvers thing. 
It ts iimvilable that dogmatic unqualified statc- 
im-nts .are made. Many of these arc misleading, 
to a stmlent. One, on p .ge 1.33, i<r inexcusable 
rectal < xamin.iti'in, easy under hospital dis- 
liplin- and routine, more difficult under 
uth'T I ir; iim't.Ui''."-. is neti in adult pa- 


tients with diarrhoea, rectal bleeding, or pros- 
tatic symptoms and in ever)' obscure or dif- 
ficult case.” Shades of Sir William Osier! A 
rectal examination is an integral part of the 
routine examination of ever)' patient. O. P. 

The Biology of Melanomas. Edited by 
Roy Waldo Miner, Myron Gordon, 
and Lothar Salin. ■\’’o1. Pp. 478; 107 
plates. New York: The New York 
Academy of Sciences, 1948. Price, S.o.OO. 
(To members, 84.00.) 

The experiments and interiiretations col- 
lected in this volume do much to clarify the 
poorly understood subjects of pigment biol- 
ogy and pigmented tumors. Each chapter i? 
WTitten by a different group of authors, and 
the approaches to the subject van.' widely. 
The aspects considered range from genetics 
of pigmentation to the chemistiy of melanin. 
Many papers deal with pigmentation of the 
lower animals, and in relatively few chapters 
are specifically human aspects considered. 
Of particular intere.st are the chapters writ- 
ten by IMasson, by Becker, and by Du Shane 
on pigment cells in man and in the verte- 
brates. All papers on morphologic subjects 
arc followed by excellent black and white 
illustrative photographs. A. H. 

Public Health Administration in viir. 
United Statias. By Wilson G. Smili.ii:, 
M.D., Prof, of Public Health .and Prevent- 
ive Mcdicme, Cornell Univ. Medical Col- 
lege, 3rd cd. Pp. 637; 43 ills. New York: 
M.acmillan, 1947. Price, .36.50. 

Tins edition, like its prcdccc.ssor.s, is aimed 
to elicit the interest of the practicing physi- 
cian in disease prevention and control. The 
text is so clear and each subject is discussed 
so completely and satisfactorily, tliat the 
author’s aim has obviously been achieved. The 
volume is a superior textbook for students and 
an indi.spcnsablc reference work and guide 
for health officers. 

Here we find, in their [iroper pl.iccs, all 
the great developments from research, speeded 
up so productively during World War II 
and since, which are translorming our con* 
ci'pls of disc.ase control in many fields. 

The final chapter disciis'.es with great wA- 
doin the development and the details of Tlic 
National Health Program." 3'liis reviewer b 
not .icrjimintcrl with a more clarifying cfpo- 
'itinn of (Ills mailer wliieli has been the sub- 
ject of 'o mil' h controversy A. H. 
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NEW BOOKS 

Modern Trends in Dermatology. Edited by 
R. M. B. MacKenna, M.A., M.D. (Camb.), 
F.R.C.P. (Lond.)> Lecturer in Dermatolo- 
gy, St. Bartholomew’s Hospital, London. 
Pp. 432; 32 ills. New York: Paul B. Hoe- 
ber, 1948. Price, $8.50. 

Physical Treatment of Injuries of the Brain 
and Allied Nervous Disorders. By K. M. 
Hern, M.C.S.P., Diploma of Liverpool 
Physical Training College. Pp. 96; 34 ills. 
Balt.: Williams & Wilkins, 1&47. Price, 
$4.00. 

Glomerular Nephritis. By Thomas Addis, 
M.D., F.R.C.P. (Edin.). Pp. 338; 56 figs. 
New York; Macmillan, 1948. Price, $8.00. 

Biology of Disease. By Eli Moschcowitz, 
M.D., Mt. Sinai Hospital Monograph No. 1, 
Pp. 221. New York: Grune & Stratton, 
1948. Price, $4.50. 

Pediatrics for Nurses. By Arthur G. Wat- 
kins, M.D., F.R.C.P., Lecturer Welsh Na- 
tional School of Medicine. Pp. 192; 22 ills. 
Balt.: Williams &: Wilkins, 1948. Price, 
$3.50. 

Feeding Problems in Man as Related to En- 
vironment. An Analysis of U. S. and 
Canadian Army Ration Trials and Surveys, 
1941-1946. By Robert E. Johnson, M.D., 
and Robert M. Kark, M.R.C.P. (Lond.). 
Pp. 94; 13 figs. Chicago; Quartermaster 
Food and Container Inst, for the Anned 
Forces, 1948. 

The 1947 Year Book of Pathology and Clini- 
cal Pathology. Edited by Howard T. Kars- 
ner, Prof, of Pathology, Western Reserve 
Univ., Herbert Z. Lund, M.D., and Ar- 
thur Hawley Sanford, M.D., Prof, of 
Clinical Pathology, Univ. of Minnesota. Pp. 
558; 102 ills. Chicago: Year Book Publish- 
ers, 1948. Price, $3.75. 

Voluntary Medical Care Insurance in the 
United States. By Franz Goldmann, 
M.D. Pp. 228. New York: Columbia Univ. 
Press, 1948. Price, $3.00. 

“A coMrANioN volume to Public Medical Care 
by the s.ame .nutlior .... It traces the progress of 
major ts-pes of programs from the mid- 19 tli cen- 
turj- to tlie present . . summarizes tlie limitations 
and possibilities of l}ic entire principle of volun- 
taiT niedical care insurance.” 

Chronic lU-lIcallh. By Ros.\ Ford, M.B. 
(Lond.), D.O. (O.von.), Late Ophthalmic 
Surgeon, South London Hospital for IVom- 
cn. Pp. 104; 13 ills. London; Henrj' Kimp- 
ton, 1918. Price, $3.00 

What Is Psychoanalysis? By Ernest Jones, 
M.D. Pp. 126. New York: International 
Universities Press, 1948. Price, $2.00. 


Akute Aussere Prozesse die Physiologie, der 
Chirurgischen und Konservativen Therapie. 
von Dr. Josef Riese, Privatdozent fiir Chi- 
rurgie, Universitat Wien. Pp. 326. Wien: 
Wilhelm Maudrich, 1948. No price given. 

Klinisch-Praktische Bewertung des Elektro- 
kardiogramm-Befundes. von Dr. Oskar v. 
ZiMMERMANN- M einzingen. Pp. 227; 136 
ills. Wien: Wilhelm Maudrich, 1948. No 
price given. 

Projective Methods. By Lawience K. Frank, 
Director, Zachry Institute of Human Devel- 
opment, New York. Pp. 86. Springfield, 
111.; Charles C. Thomas, 1948. Price, $2.75. 

The author describes the tendency in all science 
nowadays to study process rather than structure, 
and goes on to show that projective tests are 
frying to give initial understandings of both the 
general process of personality development and 
the special processes of the individual person, with 
no interest in statistically established norms. There 
is an e-vcellent bibliography of 18 pages. 

The reader will find this book a short evaluation 
of projective methods against the large background 
of psychology and science. E. B. 

The Clinical Picture of Thyrotoxicosis. By 
Peter McEwan, M.A., M.B., Ch.B., 

F.R.C.S. (Edin.). Pp. 127; 4 ills. Edin- 
burgh and London: Oliver and Boyd, 1948. 
Price, 15/ net. 

This small book presents the clinical symptoms 
of thyrotoxicosis in a simple, readable fashion. 
There is little attempt made to e.\plain the patho- 
logic physiology underlying tliom and none to 
discuss organic changes which present few syanp- 
toms, as for example, lesions in die liver. The 
mortality figures and’ geographic distribution of 
the disease that are given are for England. 

The reviewer does not recommend the book for 
the specialist and doubts its usefulness to the 
average gener.al practitioner, although certain 
symptoms are discussed which are not commonly 
thought of as important in thyroid disease 

T. n. 

Pathology of Tumours. By R. A. Willis, D.Sc., 
M.D., F.R.C.P., Sir William H. Collins, 
Prof, of Human and Comparatit'e Pathol- 
ogy, Royal College of Surgeons, London. 
Pp, 1050; 500 ills. St. Louis: C. V. Mosby, 
1948. Price, $20.00. 

Rheumatism and Soft Tissue Injuries. By 
James Cythak, M.D., B.Ch. (Cantab.), 
Physician-in-Charge, Physiotlierapy Dept., 
St. Thomas’s Hospital, London. Pp. 410; 107 
ills. New York: Paul B. Hoeber, 1947. 
Price, $9.50. 

Fundamentals of Human Reproduction. By 
Edith L. Potter, M.D., Assoc. Prof, of 
Pathology, Department of Obstetrics and 
GjTiecology, Univ. of Chicago. Pp. 231; 92 
figs. New York; McGraw-Hill, 1948. Price, 
$3.50. 

YYTitten for nurses, its clear simplification 
may also be useful to medical students. 
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■ Because of tlie rapid renal clearance 
of penicillin, the maintenance of levels 
adequate to control infections caused 
by organisms that are comparatively 
resistant to penicillin requires adminis- 
ti'ation of tlie antibiotic in very large 
amounts either by constant intravenous 
infusion, or by frequent intiamuscular 
injections.^’^®’^" Botli diodrast*® and 
para-aminohippuric acid®’®"'" \wll 
block the tubular excretion of peni- 
cilhn and consequently enhance tlie 
plasma levels tliat are obtainable from 
any given dose. Clinical use of tliese 
agents as adjuncts to penicillin therapy, 
however, has been limited because 
they are eEective only when given in- 
travenously in large amounts. Se^'eral 
groups of workers have reported that 
plasma penicillin levels can also be 


enhanced by "tlie oral administration 
of benzoic acid' or sodium benzoate. ®’"’ 
20,21 Otliers, however, have found 
benzoic acid to have little effect on 
penicillin levels.'* 

Recently Beyer- reported that the 
excretion of penicillin could be reversi- 
bly inhibited by 4'-carboxyphenylmetli- 
anesulfonanihde (caronainide). Several 
reports have appeared showing that 
caronamide given by mouth signifi- 
cantly enhances penicillin blood levels 
in man.'*’®’*®’-^ In view of the need for 
very high levels in tlie occasional pa- 
tient, it seemed of interest to study 
tlie effect of caronamide on tlie peni- 
cillin plasma levels following tlie ad- 
ministration of single doses of 1 liiillion 
units. A few observations were also 
made on tlie effect of sodium benzoate." 


* Aided b}- a grant from the United States Public Health Sendee. 

t Formerly Assistant in Medicine, Han-ard Medical School; and Research Fellow Thorndike 
Memorial Laboratou' 
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SEELER, COLLINS, FINL.OJD: 


Materials and Methods. The subjects 
were all convalescent male hospital pa- 
tients. Since persons over 60 years of age 
excrete penicillin more slowly and also 
require less caronamide to enhance the 
blood levels than do younger people,^® 
subjects in both of these age groups were 
included in this study. Also since renal 
disease'*^ and congestive heart failure'^ 
may delay penicillin excrefa'on, no pa- 
tient was selected who was in heart failure 
or in whom there was obsaous impairment 
of renal function. Otherwise patients 
were chosen without regard to their dis- 
ease. Thev' were given the regular hos- 
pital diet; fluid and salt intake was not 
controlled. 

Commercially available penicillin G* 
was used e.xclusively. Citrated bloods for 
penicillin plasma levels were obtained in 
cacli subject at suitable interv'als following 
the intramuscular injecb'on of 1 million 
units (dissolved in 3 cc. of physiological 
saline) before, during and after caronamide 
was gis'cn. The concentrations of peni- 
cillin w'cre assayed by the serial dilution 
method of Rammelkamp,“ modified only 
by the use of 0.3 ml. of the plasma dilu- 
tions. The caronamide was given by 
mouth in the form of tablets ground and 
suspended in flavored milk; the older 
people were given 2 gm. every 4 hours 
while the jounger ones were given 4 gm. 
even- 4 hours. The caronamide doses 
were started 12 hours before the peni- 
cillin injection in order to permit the drug 
to reach an equilibrium in the body 
fluids and were then continued for 24 
hours after the penicillin w.as given. At 
Ic.'ist 21 hours was allowed to elapse 
following the hast dose of caronamide be- 
fore the postcaronamide control cuivc of 
penicillin blood levels was determined. 

Two patients under 60 and two patients 
user 60 years old in whom the penicillin 
levels had been significantly enhanced 
by c.inuminide were chosen for a study of 
the effect of stKlium ben/oate. This w.as 
gisen ,is a 10',' chilled aqueous solution. 
The-ir- patients serre given 2 gm. of 
sjviiuni ii' ri?o.iti- <'verv 2 hours beginning 
•> lioiifs b'fo.'-e tie- rriillion unit dose of 


penicillin and continuing for 24 hours. 
A fesv days later, similar observadons were 
made in the same subjects with the sodium 
benzoate given in doses of 4.5 gm. cveiy 
2 hours for 12 hours. This was preceded 
by 4 doses of 6 gm., each given 4 hours 
apart, the last one coinciding with the 
penicillin dose. 

Results. Effect oj Caronamide in 
Patients Over 60 Years oj Age. The 
plasma penicillin levels resulting from 
the intramuscular injecb'on of 1 million 
units in 7 patients over 60 years of age 
before, during and after oral therap)' 
with 2 grams of caronamide every 4 
hours are shown in Table 1. Tlie 
caronamide therapy had little or no 
effect on plasma penicillin levels in 
Patient 4, but its effect on the peni- 
cillin levels in the remaining 6 paHents 
was striking. The peak penicillin levels 
obtained during caronamide were on 
the average twice as high as those 
obtained without caronamide. Si.\ 
hours after the penicillin was adminis- 
tered the levels witli caronamide w-cre 
about 10 rimes as high as tho.se w'ilh- 
out caronamide and at 12 hours the 
difference was more than 20-fold. At 
18 hours and 24 hours the penicillin 
levels w'itli caronamide averaged about 
0.56 and 0.16 units, respectively, where- 
as at these times little or no penicillin 
could be detected in the control plas- 
mas. In Patient 6 the levels resulting 
from the dose given 24 hours after the 
caronamide was discontinued were al- 
most as high as those obtained during 
the caronamide administration. Tliar 
his kidneys were not permanently dam- 
aged is sliown by the essentially normal 
penicillin response curve obtained 2 
days later when the effect of sodium 
benzoate wa.s studied the first time. 
Presuma!)ly this patient retained suf- 
ficient caronamide to affect penicillin 
cverefion significantly for at least 36 
hours. 


• vqjpli-d fjy f,V/;nrri>-rc;-i! Sofvmli Otrpooiiiea. 
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Table 1. Plasma Penicillin Levels In Patients Oveh 60 Years Olb After Single Intra- 
muscular Injections of 1 Million Units of Penicillin With or Without Caronamide 

OR Sodium Benzoate Br Mouth 


Patient 

Age 

Caron- 

amide 

Grams 

Every 

Jf Hr. 

Sodium 

Benzoate 

Grams 

Hours After Penicillin Dose 


Every 

2 Hr. 0 

1 

6 

• 12 

18 

24 

1 

70 

0 

0 

16.0 + 

0.5 

0.06 

0 

0 



2 

0 

. 16.0 

4.0 

0.5 

0.25 

0.06 



0 

0 

4.0 

0.5 

0.06 

0 

0 

2 

72 

0 

0 

8.0 

0.5 

0.06 

0 

0 



2 

0 

16.0 

8.0 

4.0 

1.0 

0.25 



0 

0 

4.0 

0.5 

0.12 

0.02 

0 

3 

67 

0 

0 

16.0 

1.0 

0.06 

0 

0 



2 

0 

16.0 

4.0 

0.5 

0.12 

0.03 



0 

0 

8.0 

0.5 

0.02 

0 

0 

4 

80 

0 

0 

8.0 

0.25 

0.03 

0.02 

0 



2 

0 

16.0 

0.25 

0.06 

0.03 

0 



0 

0 

8.0 

0.25 

0.02 

0.02 

0 

5 

82 

0 

0 

8.0 

2.0 

0.12 

0.02 

0 



2 

0 

82.0 

16.0 

8.0 

2.0 

0.25 



0 

0 

16.0 

2.0 

0.5 

0.02 

0.02 

0 

73 

0 

0 

8.0 

1.0 

0.06 

— 

— 



2 

0 

32.0 

16.0 

4.0 

0.5 

0.5 



0 

0 

8.0 

10.0 

4.0 

— 

0.12 




2 0 

16.0 

2.0 

0.12 

0.03 

0.02 




4.5 0 

16.0 

8.0 

2.0 

— 

— 

7 

73 

0 

0 

8.0 

0.25 

0.02 

— 

— 



2 

0 

16.0 

4.0 

0.25 

0.03 

0.02 



0 

0 

2.0 

0.12 

0 

— 

0 




2 0 

16.0 

0.25 

0.02 

0 

0 




4.5 0 

16.0 

0.25 

0.02 

— 

— 

Average 


0 

0 

10.3 

0.73 

0.00 

0.01 

0 



2 

0 

20.6 

7.46 

2.5 

0.56 

0.16 



0 

0 

7 . 1 * 

0 . 65 * 

0 . 12 * 

0.01 

0 


+ Units per ml. of citrated plasma; — , not done. 
* Excluding Patient 6. 


Effect of Caronamide in Patients 
Under 60 Years of Age. Plasma peni- 
cillin levels obtained in 10 patients 
under 60 years of age before, during 
and after oral administration of 4 gm. 
of caronamide every 4 hours ai'e listed 
in Table 2. Wiiile the degree of en- 
hancement varied widely among these 
patients, the plasma penicillin levels 
without exception were definitely high- 
er dm-ing caronamide tlierapy tlian in 
the control periods. As was tlie case 
in tlie older people, caronamide had 
only a slight effect on tlie peak levels 


obtained in most cases, but it markedly 
altered the slope of the plasma level 
curve. During caronamide therapy, 
the peak penicillin levels were in- 
creased about 3-fold on the average, 
while after 4 hours tlie average differ- 
ence was about 15-fold. Without 
caronamide little or no penicillin re- 
mained in die plasma 8 and 12 hours 
after tlie penicillin dose, while with 
caronamide an average of about 0.4 
units was still present at 8 hours, and 
0.1 unit at 12 hours. In 5 of the 10 
patients penicillin could still be de- 
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Table ‘2. Plksma Penicillin Levels In Patients Undeb 60 Years Old After Single IntiiA* 
ML'sccLAR Injections of 1 Million Units of Penicillin With or Without Caronamide 

or SoDiUii Benzoate Br Mourn 

Caron- Sodium 
amide Benzoate 


Patient 

Age 

Grams 

Every 

4 Ur. 

Grams 

Every 

2 Ur. 



Hours 

.if ter Penicillin Dose 



0 

1 

4 

8 

12 

‘18 

24 

8 

14 

0 


0 

2 . 04 - 

0.12 

0 









4 


0 

4.0 

0.25 

0.02 

0 

0 

0 



0 


0 

2.0 

0.12 

0 

0 

— 

— 

0 

20 

0 


0 

4.0 

0.25 

0.02 

0 



— 



4 


0 

8.0 

2.0 

1.0 

0.25 

O.OG 

0 



0 


0 

4.0 

0.00 

0 

0 

0 

— 

10 

46 

0 


0 

2.0 

0.00 

0 

0 

— 

— 



4 


0 

2.0 

0.25 

0.02 

0 

0 

(» 

n 

62 

0 


0 

4.0 

0.25 

0.03 

0.02 

— 

— 



4 


0 

4.0 

2.0 

0.5 

0.25 

0.0-2 

0 



0 


u 

4.0 

0.12 

0.03 

0 

— 

— 

12 

38 

0 


0 

2.0 

0.12 

0 

0 

— 

— 



4 


0 

4.0 

0.5 

0.25 

0.02 

0 

0 



0 


0 

4.0 

0.25 

0 

0 

— 


13 

38 

(1 


0 

4.0 

0.12 

0.02 

0.02 

— 

— 



4 


0 

16.0 

4,0 

0.5 

O.OC 

0.02 

0 



0 


0 

2.0 

0.06 

0.02 

0 

— 


1 1 

3(1 

(1 


0 

2.0 

0.06 

0 

0 

— 

— 



4 


0 

4.0 

2.0 

O.OC 

0 

0 

0 



(1 


0 

2.0 

0.02 

0 

0 

— 


I'l 

18 

0 


0 

8.0 

0.12 

0.03 

0.02 

— 

— 



4 


0 

16.0 

2.0 

0.25 

O.OC 

0 

— 



0 


0 

4.0 

0.03 

0 

0 



16 

4-2 

0 


0 

4.0 

0.25 

0.02 

0 

— 

— 



4 


0 

10.0 

2.0 

0 . 25 

O.OC 

0.02 

0 



(1 


0 

2.0 

0 . 25 

0 

0 

— 

— 




o 

0 

8.0 

0.25 

0 

0 

0 

0 




1.5 

0 

8.0 

0.25 

0.02 

0 

0 

0 

IT 

38 

() 


0 

8.0 

0.25 

0.02 

0 

— 

*- 



4 


0 

32.0 

8.0 

1.0 

0.25 

o.oa 

n 



0 


0 

2.0 

0.25 

0 

0 

— 

— — 





n 

8.0 

0 . 25 

0.02 

0 

0 

0 




4 . 5 

0 

8.0 

0.7a 

0.03 

0 



\ vi-rncr 


0 


0 

4.0 

0.16 

O.OI 

0.01 

0 

0 



4 


0 

10.0 

2.30 

0.39 

0.10 

0.02 

0 



0 


0 

2.0 

0.16 

0.01 

0 

0 

0 


■ Units jx-r nil. of citr.ilccl pl;isrn;i: — , not done. 


Ifctecl in the plasma as late a.s IS liotirs 
after its administration. 

( or of lifjrrt.^ of ('arotiri- 
rst.'iV c.r.d Sn-l-'iii: Ilf r:zn'itr. Tile pTa.S- 
iiKi penicillin levels dnrint: the ad- 
ininislr.itinn of swlium henzoate are 
sliown for p.itients fi and 7 in Table I 


and for patients 16 and 17 in Table 2. 
Two grams of sodinrn benzotife given 
ever}- 2 hours had little if any effect on 
the penicillin curves. 'Ilie e.xperirnent 
was then repeated in the .same individ- 
uals with doses of 4.5 grn. every 2 
hours following 12 hours of priming 
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with 6 gm. every 4 hoiu's. One of the 
older patients, Number 6, showed a 
moderate enhancement of penicillin 
levels when he was given the larger 
dosage of sodium benzoate. This effect, 
however, was much less marked than 
that produced by 2 gm. of caronamide 
every 4 hours in tlie same patient. The 
sodium benzoate did not significantly 
alter tlie penicillin levels in the other 
3 patients. 

Untoward Effects of Caronamide. 
Urinalyses and blood nonprotein nitro- 
gen determinations were done before, 
during and after the caronamide ad- 
ministration. Slight reduction of Bene- 
dict’s solution (blue-green reaction) was 
observed in occasional urines during 
caronamide administi'ation. Crystal- 
luria, albuminuria or formed elements 
were not found in the freshly voided 


urines and the blood nonprotein levels 
all remained within normal limits. The 
only untoward effects encountered were 
nausea in 4 patients with vomiting in 
2 of them. 

Comment. The average penicillin 
levels obtained following 1 million 
units of penicillin with and without 
caronamide are plotted in Figure 1. 
Data obtained in a previous study^® on 
the effect of caronamide with intra- 
muscular doses of 100,000 units of 
penicillin given every 8 hours are also 
shown for comparison. The reason 
for the difficulty in maintaining high 
plasma penicillin levels is readily ap- 
parent on examination of the penicillin 
plasma level curves. Increasing the 
penicillin dose from 100,000 units to a 
million units without giving caronamide 
increased the peak plasma penicillin 



ord Sronamidi?'"'* levels after intramuscular doses of penicillin uith and untliouf 
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levels only 3- to 5-fold,- and merely 
doubled the time during which peni- 
cillin was detected in the plasma. It 
is of interest that even in the older pa- 
tients in whom, as previously noted,^® 
penicillin excretion is somewhat de- 
layed, the slopes of tire blood level 
curves following the 100,000 and 1 
million unit doses are identical. This 
finding suggests tliat the human tubular 
excretorx’ mechanism is not saturated 
by as large a dose as 1 million units. 
In rabbits. Eagle and Newman® found 
that the tubular excretory mechanism 
could be saturated by single intra- 
venous doses of 600 mg. of penicillin 
G per Kg. Tliis corresponds to a dose 
of 60 million units in the ar'erage adult 
man. 

High plasma penicillin levels can be 
maintained with relative ease by simul- 
taneous administration of large doses 
of penicillin and caronamide. If the 
curves of the penicillin plasma levels 
shown in Figure 1 for both young and 
old people receiving 100,000 units of 
penicillin with caronamide are pro- 
jected. they would actually cross the 
curves obtained with 1,000,000 units 
of penicillin without caronamide. E.x- 
eept during the first few' hours, the 
penicillin plasma concentrations fol- 
lowing the administration of carona- 
inide are higher than those resulting 
fioni a 10-fokl greater dose of penicillin 
without exaronamide. 


\Mule otlicr w'orkers have reported 
that penicillin blood levels could be 
enhanced by administration of 2 gm. of 
sodium benzoate every 2 or 3 hours, 
none of the 4 patients in this experi- 
ment recening a similar dosage showed 
significant enhancement of their peni- 
cillin levels. Furthermore, only 1 of 4 
patients w’ho received the larger 
amounts of sodium benzoate showed 
definite elevation of penicillin levels 
as compared w'ith control \alues. In 
this one patient 4.5 gm. of sodium 
benzoate every' 2 hours proved less 
effective in enhancing penicillin plasma 
levels tlian did 2 gm. of caronamide 
given every 4 hours. ^Vhile it is 
probable that penicillin levels could 
be further enhanced by increasing the 
sodium benzoate dosage, 3 patients 
complained of nausea w’ith the dosage 
used. 

Conclusions, The oral administra- 
tion of caronamide together with large 
intramuscular doses of penicillin makes 
it possible to maintain high penicillin 
plasma levels w’ith relative ease. Tire 
effect of caronamide in prolonging 
penicillin plasma levels is greater than 
that resulting from a 10-fokI increase in 
the penicillin dosage. Sodium ben- 
zoate in 4 patients was found to be 
much less effective than caronamide in 


enhancing penicillin levels. 

* Till' (lilTcrcnccs m.iy liave been somewhat greater since the "peak” level in the present 
“tinly iletenniiud at 1 hour whereas in the previous study it was taken .at hour. 
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It is generally assumed, thougb by 
no means established, that penicillin 
therapy to be efleetive, should pro%dde 
suitable concentrations of the anti- 
biotic throughout the interval behveen 
doses. Because of its rapid renal ex- 
cretion and the vagaries of its absorp- 
tion from the gastrointestinal tract, 
some simple and effective method of 
(.‘uhancing and prolonging penicillin 
levels during its oral administration 
would seem desirable. It has been 
showai that caronamide {4'carboxy- 
phenylrnethanesulfonanilide) inhibits 
reversibly the renal tubular excretion of 
penicillin,'-- and when given by mouth, 
enhances and prolongs the plasma peni- 
cillin levels resulting from parenterally 
administered pi'niciilin.’''-"-'-*''' Studies 
on the effect of c.aronamide on the 
lilomi levels obtained during oral peni- 
cillin administration are the subject 
of this rejiort. 

M.-:t<-ri.iU and McIIkkIs. The subjects 
S'. ‘Tf .til cn;iv.ih-ti-iit ;Hhiil in.ih’ nnticnts 
V.}!') fi ‘.'i li'i (h fijiitc evidence of ren.il 
dm-.e.’e, e frulure, or other seri- 

<■'>•. B.i'h s.itme .ttei n!d men 


were studied. The routine of the hos- 
pital was not disturbed. Diets, fluids and 
salt intake were not altered. Meals 
were ser\-ed on the hospital schedule, 
namely, at 7 and 11 a.m. and 4 p.m. 
MedicaUons (caronamide and penicillin) 
were timed to the routine 4-hourly hos- 
pital schedule (9-1-5) and measures were 
taken to administer the drugs promptly 
and with certainty. 

Tablets (supplied by Commercial Sol- 
vents Corporation) each containing 100,- 
000 units of cr>’sfnlIino potassium peni- 
cillin G, buffered with 0.5 gm. sodium 
citrate were used exclusively. One tablet 
was given cverj' 4 hours beginning at 9 
a.m. of day 1, and continued through 5 
p.m. of day 4. Blood samples were drawn 
before, during and after the caronamide 
administration at such inten-als as to pro- 
vide several ohsers-ations of the 4-hour 
level, just prior to taking the next taldi-t 
of penicillin, as well as a series of levels 
taken at minutes. 2 hours :irK! -i hours 
following :i dose. Bach patient served as 
his own control before and after the 
caronamide administr:ition. Penicillin coii- 
centr.itions were assayed on citrated pl.is- 
tna by the s'-ria! rlilution method of 
l'.amm<-lkarnp,'' inofiifi'-d only by the use 
of 0..7 Jill, of till' plasma dilutions. 
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Caronamide* was given by mouth in 
the form of tablets that were finely ground 
and then suspended in chocolate flavored 
milk with the aid of a Waring blender. 
The first dose of caronamide was given 
at 1 p.m. of day 2, with doses repeated 
every 4 hours, at the same time as the 
penicillin, the final dose being given at 
1 p.m. of day 3. Plasma penicillin levels 
between penicilfin doses were obtained 
before the first and last doses of caron- 
amide and again 20 hours after the last 
dose of caronamide. The caronamide 
v/as employed in 3 different dosages: one 
group of individuals under 60 years old 
received 4 grams every 4 hours, a second 
group over 60 years old was given 2 
grams every 4 hours. These amounts had 
produced a satisfactory enhancing effect 
when penicillin was given intramus- 
cularly.^^-^® A third group of patients 
over 60 years old was given 3 grams 
every 4 hours. 

A method for determining plasma 
caronamide concentrations^® became avail- 
able before tliese studies were completed. 
This metliod witlr minor modifications was 
used to study the blood caronamide con- 
centrations in the last group of patients 
(those over 60, receiving 3-gram doses of 
caronamide). 

Results. The findings will be pre- 
sented separately for each of the 3 
groups of patients. 

Group 1. Eight patients under 60 
years old received 4 gm. of caronamide 
every 4 hours. The plasma penicillin 
levels before, during and after the 
caronamide administration in each of 
diese patients and tlie averages for 
tlie group are shown in Table 1. These 
levels varied somewhat in different 
individuals during tlie control periods 
and while caronamide was being given, 
botli 4 hours after tlie penicillin doses 
and in tlie interval between doses. 
With one e.vception tlie levels obtained 
before and after tlie caronamide were 
essentially tlie same. In Patient 8 
they were substantial!}^ higher in tlie 

♦ Supplied by Sliaip & Dolime, 


postcaronamide than in tlie precaron- 
amide control period. 

The average levels obtained 4 hours 
after a dose of penicillin in the differ- 
ent patients ranged from 0.01-0.08 
units before and from 0.01-0.06 units 
after caronamide was given. During 
the caronamide the corresponding levels 
ranged between 0.02 and 0.20 units. 
The average level for the 8 patients 4 
hours after a dose of penicillin was 
about 2% times higher during carona- 
mide administration than in the control 
periods. There was a similar enhance- 
ment in the average penicillin levels 
45 minutes and 2 hours after a dose. 

In the control periods before and 
after caronamide administration, more 
tlian one-fourtli of the plasma speci- 
mens obtained 4 hours after a dose of 
penicillin showed no demonstrable 
penicillin activity, and three-foui'tlis of 
such specimens yielded levels of 0,02 
units or less. During the caronamide 
period, on tlie other hand, penicillin 
activity was detectable in all but 1 
specimen and almost tliree-fourths of 
tlie specimens obtained 4 hours after 
• a dose yielded concentrations of 0.03 
or higher. 

Group 2. There were 9 patients 
over 60 years old in this group and 
each was given 2 gm. of caronamide 
every 2 hoims. Tlie penicillin levels 
obtained in this group are shown in 
Table 2. The results were quite ir- 
regular. Levels of 0.03 units per ml. 
or higher were maintained during die 
control periods in most of these pa- 
tients. The average of all the levels 
obtained 4 hours after a dose was 
about 0.07 units per ml. during the 
control periods and 0.12 um’ts per ml. 
during caronamide administration. En- 
hancement of penicillin levels through- 
out most of tlie caronamide period was 
noted in only 2 patients (numbers 9 
and 14). 


Inc,, through tlie courtes)' of Dr, William P. Boger. 
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Table 1. Plasma Pen'icillin Levels In Patients Under 60 Years of Age, Receiving 
100,000 Units Bt Mouth Every 4 Hours, With or Without Oral Caronamide, 4 Grams 

Every 4 Hours* 


Caron- 

amide 


Hours After Preceding Penicillin Dose 


Grams 44^24444 


Patient 

Age 

NPN* ** 

Every 

4 Hours 

Day 

(9 

pm) 

1 

a 

(9 

m) 

(9:45 

am) 

(n 

am) 

(J 

pm) 

(5 

pm) 

(9 

pm) 

Aver- 
age ' 

1 

36 

35 

0 

1 








0.03 

0.02 






0 

2 


0 

.02 

0, 

.06 

0 

.06 

0.02 



0.02 




4 

3 

0.06# 

0 

.05 

0, 

.12 

0 

.12 

0.03 

0.02 


0.04 




0 

4 


0 

.02 

0. 

06 

0, 

,06 

0.03 

0.02 

0.02 

0.02 

a 

52 

36 

0 

1 








0 

0 






0 

2 


0 

.01 

0, 

.02 

0 

.06 

0.02 



0.01 




4 

3 

0.02# 

0 

.03 

0, 

.25 

0 

.09 

0.02 

0.02 


0.02 




0 

4 


0 

.02 

0, 

.06 

0 

.12 

0 

0 

0 

0.01 

3 

41 

32 

0 

1 








0.03 







0 

2 


0 

.03 

0. 

.06 

0. 

.02 

0 



0.02 




4 

3 

0.01# 

0 

.03 

0. 

.12 

0. 

.12 

0.06 

0.02 


0.03 




0 

4 


0 

.02 

0. 

12 

0. 

01 

0.02 

0 

0 

0.01 

4 

80 

20 

0 

1 








0.02 

0.02 






0 

2 


0 

.02 

0. 

25 

0. 

00 

0 



0.02 




4 

3 

0.02# 

0 

.03 

1. 

.0 

0. 

25 

0.03 

0.03 


0.03 




0 

4 

0 

.02 

0. 

25 

0, 

03 

0.02 

0 

0 

0.01 

S 

43 

23 

0 

1 








0.06 

0.12 






0 

2 


0 

.06 

0. 

,12 

0, 

.12 

0.06 



0.08 




4 

3 

0.06# 

0 

.25 

0. 

.38 

0, 

.5 

0.25 

0.25 


0.20 




0 

4 

0 

.06 

0, 

25 

0. 

25 

0.06 

0.06 

0.06 

0.06 

0 

53 

33 

0 

1 








0.02 

— 






0 

2 


0 

.02 

0. 

06 

0. 

06 

0.02 



0.02 




4 

3 

0# 

0 

.00 

0. 

12 

0. 

06 

0.06 

— 

— 

0.04 




0 

4 


0 

.03 

0. 

03 

0. 

03 

0.03 

0 

0 

0.02 

7 

45 



0 

1 








0 

0 






0 

2 


0 

.02 

0. 

.12 

0. 

03 

0 



0.01 




4 

3 

0.02# 

0 

.12 

0. 

,25 

0. 

12 

0.06 

0.06 


0.07 




0 

4 


0 

.02 

0. 

.12 

0. 

12 

0.02 

0 

0 

0.01 

8 

45 

28 

0 

1 








— 

— 






0 

2 


0 

.03 

0. 

.00 

0. 

,12 

0.03 



0.03 




4 

3 

0.06# 

0 

.06 

- 

— 

0. 

,25 

0.12 

0.12 


0.09 




0 

4 

.0 

.12 

0. 

25 

0. 

25 

0.06 

0.02 

0.02 

0.06 

.\verage 

43 

30 

0 

1 








0.02 

0.03 


0.03 

1-8 



0 

2 


0 

.03 

0, 

,09 

0. 

.07 

0.02 






4 

3 

0.03# 

0 

.08 

0 

.32 

0, 

.19 

0.08 

0.08 


0.07 




0 

4 

0 

.04 

0, 

.14 

0. 

.11 

0.03 

0.01 

0.01 

0.02 


* The penicillin was started at 9 a.m. on day 1; tlie first dose of caronamide was given at 
1 p.m. on day 2 and the last dose at 1 p.m. on day 3. 

** Average of values before, during and after caronamide administration. 
d Blood drawn on day 2, 8 hours after caronamide was started. 

§ The first value fisted for each subject is tire average of tlie levels obtained 4 hours after 
u dose on days 1 and 2 before caronamide was started; the second is the average of the 4-houT 
levels during, and the third after caronamide. 

— — not done. 
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Table 2 . Plasma Pemcillin Levels In Patients Over (!0 Years ok Age , Receiving 100.000 
Units By Mouth Every 4 Hours , With oh Without Oral Caronamide , 2 Grams Every 

4 Hours * 


Caron- Hours AJlcr Preceding Penicillin Dose 

amide 


Patient 

Age 

NPN** 

Grams 

Every 

I) Hours 

Day 

4 4 

(5 (9 

pm) am) 

M 

(9:4S 
. am) 

2 

(n 

am ) 

4 

(i 

pm) 

4 

(5 

pm) 

4 

(9 

pm) 

4 

Aver- 
age § 

9 

>80 

28 

0 

1 




0.12 

0.12 






0 

2 

0.03 

0.12 

0.25 

0. 12 



0.10 




O 

3 

0 . 12 # 0.02 

0.25 

0.25 

0.25 

0.4 


0.20 




0 

4 

0 

0.00 

0.03 

0,06 

0.00 

0.00 

0.05 

10 

90 

38 

0 

1 




0.03 

0.02 






0 

2 

0 

0.09 

0.06 

0.02 



0.02 




2 

3 

0 . 03 # 0 

0.02 

0.02 

0.01 

0.00 


0.03 




0 

4 

0 

0.02 

0.02 

0 

0 . 02 

0.02 

0.01 

11 

75 

33 

0 

1 




0.03 

0.02 






0 

2 

0.06 

0.03 

0.25 

0.03 



0.04 




0 

3 

0 . 03 # 0 

0,00 

0. 12 

0.03 

0.03 


0.02 




0 

4 

0 

0.00 

0.00 

0.02 

0.02 

0.02 

0.02 

12 

76 

38 

0 

1 




0.00 

0.00 






0 

2 

0.12 

0. 12 

0.25 

0.12 



0.09 




2 

3 

0 . 12 # 0.12 

0. 12 

0. 12 

0.00 

0.25 


0.14 




0 

4 

0.02 

0.00 

0.03 

0.06 

0.03 

— 

0.04 

13 

82 

38 

0 

1 




0.03 

0.02 






0 

2 

0.02 

0.02 

0.02 

0.02 



0.02 




0 

8 

0 . 03 # 0.01 

0.09 

0.00 

0.02 

0.03 


0.02 




0 

4 

0.02 

0.00 

0.00 

0 

0.02 

— 

0.01 

14 

00 

38 

0 

1 




0.01 

0.01 






0 

2 

0.06 

0.12 

0.00 

0.02 



0.08 




2 

3 

0 . 02 # 0.20 

0.26 

0.25 

0.00 

0.03 


0.08 




0 

4 

0.03 

0.06 

0. 12 

0.02 

0.02 

— 

0.02 

15 

79 

37 

0 

1 




0.03 

0 






0 

2 

0.06 

0.12 

0. 12 

0.03 



0.03 




2 

3 

0 . 03 # 0.00 

0.25 

0. 12 

0.03 

0.03 


0.04 




0 

4 

0.00 

0. 12 

0.12 

0.03 

0.02 

— 

0.04 

10 

09 

40 

0 

1 




0.03 

0.03 






0 

2 

0.03 

0,03 

0,00 

0.02 



0.03 




2 

3 

0 . 03 # 0.02 

0.02 

0.03 

0.03 

0.02 


0.03 




0 

4 

0 

0.02 

0.02 

0 

0 

— 

0 

17 

83 

45 

0 

1 




0,12 

0.12 






0 

2 

0.12 

0.50 

1.0 

0.25 



0,15 




o 

3 

0 . 50 # 0.5 

0.50 

0.5 

0.25 

1.0 


0.50 




0 

4 

1.0 

1.0 

1.0 

0.50 

0.12 

— 

0.54 

.■Vverage 

78 

87 

0 

1 




0.05 

0.04 



9-17 



0 

2 

0.00 

0.13 

0.23 

0.07 



0.00 





3 

0 . 10 # 0.10 

0.17 

0.10 

0.08 

0.20 


0.12 




0 

4 

0.13 

0.17 

0.10 

0.08 

0.03 

0,03 

0.08 


I 9 a.m. on day 1; tlie first dose of caronamide was given at 

I P^-m- on day 2, and tlie last dose at 1 p.m. on day 3. * 

'I ^'alues before, daring and after caronamide administration. 

^ S'! r cirawTi on day 2, 4 hours after initial dose of caronamide. 

nhc fmst value listed for cacli .subject is the average of the levels obtained 4 hours after 

feSng 'Ld 

not done. 
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Table 4, Plasma Cauonamide Levels in the Patients Listed in Table 3. 


Patient 

Age 

NPN* 


Plasma Caronamide, Mg. per 100 Ml. 



Day £ 

9 am 5 pm 

9 am 

9:45 

am 

Day S 
11 am 

1 pm 

5 pm 

9 am 

Day 4- 
1 pm 

5 pm 

Before 

Hours After Previous Dose of Caronamide 
4 4 M 2 4 4 20 

24 

28 

18 

74 

36 

0 

14 

15 

18 

28 

18 

17 

2 

1 

<1 

19 

78 

33 

0 

13 

15 

16 

17 

19 

26 

q 

<1 

<1 

20 

74 

29 

0 

15 

16 

31 

29 

27 

26 

1 

<1 

<1 

21 

62 

SO 

0 

21# 

37 

45 

45 

35 

42 

>10 

>10 

10 

22 

73 

42 

0 

16 

31 

28 

35 

35 

36 

18 

15 

14 

23 

83 

56 

0 

16 

36 

— 

41 

35 

41 

27 

20 

20 

24 

80 

43 

0 

17 

29 

36 

28 

27 

37 

34 

14 

18 






Averages 







18-20 

75 

33 

0 

14 

15 

qo 

25 

21 

23 

q 

<1 

<1 

21-24 

75 

48 

0 

18 

33 

36 

37 

S3 

39 

>22 

>15 

14 

18-24 

75 

42 

0 

16 

26 

29 

32 

28 

32 

13 

9 

8 


* Average of tlie values obtained before, during and after the caronamide administration. 

§ Initial caronamide dose in this patient was 6 grams. Penicillin tablets by mouth, 100,000 
units every 4 hours, started at 9 a.m. on day 1 and continued through 5 p.m. on day 4. Caron- 
amide, 3 grams every 4 hours orally, started at 1 p.m. on day 2 and discontinued after the 
1 p.m. dose on day 3. 


hours after tlie penicillin doses was 0.05 
units per ml. in the precaronamide 
period as compared with 0.19 units 
per ml. while caronamide was being 
given, an almost four -fold increase at- 
tributable to the caronamide. 

The penicillin levels in the post- 
caronamide period were essentially the 
same as in the precaronamide period in 
Patients 18, 19, 20 and 21, but in tlie 
3 remaining patients the postcaron- 
amide levels were higher than tliose 
obtained before the caronamide was 
begun. Indeed, in Patients 23 and 24 
penicillin levels were even higher for 
some time after tlie caronamide was 
stopped than they were at correspond- 
ing times while they were taking die 
adjuvant. 

Plasma Caronamide Levels in Group 
S. The individual differences just noted 
suggested the possibility diat variations 
in the absorption and e.vcretion of car- 
onaniide in the several patients might 
account for the discrepancies. Caron- 
amide determinations were, therefore, 
carried out in this group of patients. 


The results are shown in Table 4. 

The plasma caronamide concentra- 
tions were lower in Patients 18, 19 and 
20 than in die 4 remaining patients 
diroughout the period of Caronamide 
administration. In addition, only traces 
of caronamide were still present 20-28 
hours after the last dose in die former, 
while substantial concentrations were 
still present at tiiat time in die latter. 
The average age of the patients was 
die same in the 2 groups but the 
blood nonprotein nitrogen levels were 
higher in diose who maintained the 
high levels of caronamide after that 
drug was discontinued. Tiiree of the 
latter, but none of the former patients 
showed high plasma penicillin levels 
in die postcai’onamide period. 

Average Levels. The average plasma 
penicillin levels obtained 4 hours after 
some of die doses of penicillin and in 
die interval between penicillin doses 
during caronamide administration and 
during die control periods are showi 
grapliically for each of the 3 groups of 
patients in Figure 1. ’ The enhancing 
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effect of caronamide both oh the 4-hour 
levels as well as on the levels obtained 
between penicillin doses in Groups 1 
and 3 can be seen clearly. The average 
caronamide levels in Group 3 are also 
shown in this figure. 

Frequency with Which Various Plas- 
ma Penicillin Levels were Maintained. 
Since ihe oral doses of penicillin were 
given at 4-hourly intervals, the height 
of the penicilhn levels obtained at the 
end of these intervals should afford the 
best reflection of the enhancing and 
prolonging effect of the caronamide. 


The frequency with which various 
penicillin concentrations were attained 
at this time during caronamide ad- 
ministration and in tlie 2 control periods 
is shown graphically for each of the 
3 groups of patients in Figure 2. The 
enhancing effect of the caronamide in 
Groups 1 and 3 is indicated by the 
significantly greater proportion of the 
higher concentrations during caron- 
amide administration. The distribution 
of the penicillin levels in the pre- and 
X)ost-caronamide control periods was 
essentially the same in Group 1, where- 



Fi^re 1. Average plasma penicillin levels resulting from oral doses of 100,000 units of 
penicillin given every 4 hours oefore, during and after oral caronamide administration in 3 
groups of patients.. The average plasma caronamide levels for one of these groups are also 
sho\vn. The solid triangles indicate the time when caronamide doses were given. 
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as in Group 3 the distribution of the 
levels in the postcaronamide period 
was intermediate between that of the 
caronamide period and the one for 
the precaronamide controls. The dis- 
tribution curves for Group 2 were ir- 
regular. 

Toxicity. There were no significant 
toxic symptoms, abnormal urinary find- 
ings or rises in blood nonprotein nitro- 
gen levels during caronamide therapy 
in any of these patients. 

Comment. The data presented con- 
firm the findings of other workers^-^-^® 
and indicate that oral caronamide in 
suflScient amounts has an enhancing 


effect on plasma penicillin levels when 
the penicillin is given orally. This 
enhancing effect seems to be less 
marked dian was the case when peni- 
cillin was given intramuscularly.^®’^® 
Furthermore, the effects of caronamide 
during oral penicilhn appear to be 
more erratic and the individual varia- 
tions as shown, in Tables 1-3, are even 
greater than when penicillin is given 
intramuscularly. 

In the case of oral penicillin, one 
must consider first the factors of ab- 
sorption and of excretion,®’'^’® Absorp- 
tion of penicillin when given orally is 
considerably more irregular than when 



Figure 2, Frequency toUi which various plasma pem'cillin concentrations (complete inliibi- 
tion) were obtained 4 hours after oral doses of 100,000 units of penicillin before (coarsely 
broken line), during (solid line), and after (finely broken line) caronamide administration. The 
numbers of observ'ations .are sho\%Ti in the circles. Group 1; 8 patients under 60 years old; 4 
gm. of caronamide everj’ 4 hours (Table 1). Group 2: 9 patients over 60 years old; 2 gm. of 
caronamide ever>’ 3 hours (Table 2). Group 3: 7 patients over 60 years old; 3 gm. of caron- 
amide ever>' 4 hours (Table 3), 
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it is given intramuscularly.^-- The rale 
of excretion is also subject to individual 
variations and is especially influenced 
by age’---’ and by tlie state of renal 
function.” 

In tlie present study some of the 
factors influencing the blood levels ob- 
tainable from oral penicillin ha^-e been 
controlled as far as possible. Thus 
the effects of meals’ were kept con- 
stant by giving tliem at the same time 
in relation to the doses of the drugs 
under study. The factor of gastric 
acidity’-’® was not controlled e.xcept 
insofar as it varies with age. The 
renal function was not studied inten- 
sively but patients were chosen for 
these studies because they were tliought 
to have essentially normal renal func- 
tion as indicated by tlie failure to find 
abnormal elements in the urine, by 
good concentrating power and by the 
fact that the blood nonprotein nitrogen 
was essentially within the normal range 
as seen in patients in this age group at 
this hospital. The levels of nonprotcin 
nitrogen, howc\cr, were slightly ele- 
vated in a few patients and these pa- 
tients (numbers 17, 22, 2-3 and 2-1) 
showed evidence of persistence of cle- 
%'ated plasma levels of both penicillin 
and caronaniide, presumably because 
of the delay in excretion. 

'Hiat age alone has an enhancing 
and prolonging effect on penicillin 
blood levels when repeated doses of 
that antibiotic are given was shown 
in previous studies with intramuscular 
injections of large doses of penicillin.”- 
’’ 'Hiis effect was confirmed in the 
fursent studies for patients receiving 
p-nicii!in f>r.tily. Thus, while about 
three. fourths of tlw ohscrx'atinns made 
'! hour' after or.d doses during cmitrol 
P'-ri'ids if! p.-rsotis mid* r W yt::n% old 
httl-- or rso fi'-inonstrahl'- [v-ni- 
in the plasma, more fli.'in two- 
ihi.'tfs of tie- f.orre .p' indirig oierers-.a- 
tmn, rr. eJe in nl l-n p.-f,p!e showed 


levels o.f 0.03 units per ml. or higher. 
Presumably, tlie same mechanism, 
namely reduction in tlie functional 
tubular e.xcretory mass is responsible 
for tliis phenomenon and for tlie great- 
er enliancing effect of caronamide. The 
latter is also reflected in tlie fact that 
in tlie old people a smaller dose of 
caronamide produced a greater pro- 
longation and enhancement of peni- 
cillin levels tlian did tlie larger doses 
in tlie younger patients. 

To be sure, tlie general assumption 
that it is necessary to maintain certain 
minimum concentrations of iienicillin 
in die circulating blood in order to 
achieve an optimum dierapeutic effect 
remains to be proved. Nevertheless, 
it seems reasonable to suppose that 
when die maximum levels achieved in 
the blood are the same, prolongation 
of high levels from the same dose is 
desirable from a chemotherapeutic 
point of view. 

The few observations dint were made 
on plasma caronamide concentrations 
in the patients of Group 3 indicate 
(hat absorption and/or excretion of 
orally administered caronamide varies 
in different individuals. Tlie results 
obtained in dieso patients suggest that 
.such variations may account for the 
differences in the enhancing and pro- 
longing effect of the caronamide and 
for the duration of its effects. 

In these studies, as in (hose pre- 
viously reported from this labora- 
tory,”-” caronamide was given for 
only 21 hours. It is of course not 
possible from such observations to 
dr.w conclusions as to the suitability 
of this agent for prolonged use in 
therapy. 

.Suminarj- and Conclusions. Oral p'-ni- 
cillin xvhen administered alone in 
closes of im.OOf) units every i hours 
could no! be relied upon to maintain 
sfgnifie.iut coneentrafions of the anti- 
biotic in the plasma in jis-rsons under 
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60 years of age. Penicillin levels of 
0,03 units per ml. were usually main- 
tained in persons over 60 years old on 
me same dosage. 

Caronamide in oral doses of 4 gm. 
every 4 hours in persons under 60 and 
in doses of 3 gm. every 4 hours in 
those over 60 enhanced and prolonged 
the levels from oral penicillin. 


In patients older than 60 years %vith 
slightly elevated blood nonprotein 
nitrogen levels tlie enhancing eflEect of 
caronamide pei'sisted for at least 28 
hours after tire caronamide was discon- 
tinued. This effect was associated with 
persistence of significant caronamide 
concenti'ations in tlie blood of these 
patients. 
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Present knowledge of the risk of 
attack among persons li%'ing in house- 
holds in which poliomyelitis appears in- 
dicates that frequently several mem- 
bers of a family develop chnical or sub- 
clinical attacks of tlie disease Ay- 
cock and Eaton^ and later Casey et al." 
studied multiple cases in families. 
Their studies indicated tliat simultane- 
ous infection in family members is 
common, and that the source of rirus 
in these outbreaks is closely related to 
the household. Pearson and associ- 
ates” in an urban outbreak of poh'o- 
myelitis, found that carriers of virus 
were concentrated about those house- 
holds in which there was a paralyzed 
patient. In these limited loci, appar- 
ently, there is a wide distribution of 
virus in humans. 

71ie broad purpose of this report is 
to call attention again to tlie %ridc- 
.‘.pread distribution of poliomyelitis 
virus in certain households attacked 
by the disease. In a recent paper 
that appeared sljortly before one of 
ours'* Ziritek'* was able to demon- 
str.ite rapid dispersion of virus in a 
larnily within an S day period. He 
\s.is able to conclude th.at poliomye- 
litis sinis innr,t base scaled itself at 
tiv saine time ainon:; the mem- 

• I y 2 F'sn! frem t;.-- Fcur.'Lit 

•• V.V .--.r- ir;']'-! v<! t'j [nVriv.ir.r. fT.’-s-'.iii 
rf t*.') t'fiv; Jlr, {', f-V-fTr! 

Kar.’it S!:*- U'-'.''-}-. D-pirtn:'-r:T, 
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bers of this family, which is to say that 
each exposure was simultaneous at a 
common source Our evidence is some- 
what indirect compared with Zintek’s 
but in general we are in agreement 
witli his conclusions. 

Material and Methods. Clinical ma~ 
tcrial. A widespread outbreak of polio- 
myelitis oecurred in the state of Kansas 
during the summer of 1946.** In eastern 
Kansas a large number of children and 
adults were referred to Uio University of 
Kansas Hospitals for diagnosis and treat- 
UiCnt. The family histories obtained 
from some patients indicated tliat illness 
had occurred in additional family mem- 
bers. Among these households 5 were 
visited and samples of stool, orophnr>7i- 
geal exudate and whole blood were ob- 
tained from each member of the family- 
fa) Stooh. Individual stool samples were 
collected within a few days. The manner 
of collection of stools has been described.” 
Less than 12 hours elapsed after stools 
xs'cre collected and storage of them in a 
dry ice cabinet, (b) Throat sirabs. The 
orophar>Tix of each patient svas swabbed 
at the time of admission to the hospital. 
During the ensuing fesv days (1 to 7) the 
throat of each member in the household 
was sampled. Two or four cotton pled- 
gets on applicator sticks were used to 
collect exudate from the oropharwtx. 
Cotton pledgets svere applied and rapidly 

ton for Infantile Parakviis, Inc, 
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moved in order that tonsillar tissue and 
mucosa of the palatine fossa was gently 
ixibbed. The cotton moistened with exu- 
date was placed in individual sterile 
screw-capped bottles containing 1 cc. of 
distilled water. Specimens were stored 
promptly in a dry ice box. 

Preparation of Inoculum, (a) Stools. 
The method of preparation of stool extract 
for intranasal and intraperitorieal inocula- 
tion of a monkey has been described.®*^^ 
Penicillin (50,000 units) was added to the 
etherized fraction 20 minutes prior to 
inoculation, (b) Throat swabs. In the 
test for virus, thawed cotton pledgets rep- 
resenting an individual sampling were 
moistened with 0.3 cc. of glycine acetate 
phosphate (GAP) buffer at pH 8,2. 
These pledgets were placed in a sterile 
5 cc. syringe and the absorbed fluid ex- 
pressed into a test tube. To this eluate 
0.3 cc. of GAP buffer, pH 4.4, was added 
bringing the fluid to about pH 6.0.°'^® 
Ether was added. The tube was shaken 
gently and placed in the ice box (6° C.) 
overnight. The tube was capped with a 
cotton plug to permit volatilization of the 
ether. Almost invariably the eluate 
fraction was free of bacteria. 

Inoculation, (a) Stools. The com- 
bined intraperitoneal and intranasal por- 
tals were used for inoculation. Each 
monkey received 10 to 20 cc. of the ether- 
ized fraction once intraperitoneally. In 
addition, from 3 to 5 cc. of raw stool ex- 
tract were instilled into the nasopharynx 
of the test animal on each of 5 consecu- 
tive days.® (b) Throat swabs. 0.4 or 
0.5 cc. of tlie prepared eluate was inocu- 
lated into each tlialamic area of a monkey." 

Anivials.f Macaca viulatta (rhesus) 
and Macaca irus (cynomolgus) monkeys 
were used. Inoculated monkeys were ob- 
serv'ed hvice daily. Daily temperatme 
records were kept. Monkeys were sacri- 
ficed at an appropriate inter\'al following 
llie appearance of paralysis. The major- 
ity of tlie inoculated monkeys suiAuving 30 
days were killed. A few^ were used a 
second time in otlier tests. Segments of 


brain, midbrain, pons, medulla and spinal 
cord were preserved in formalin. 

Criteria for identification of polio- 
rnyelitis virus. These have been de- 
scribed.'" A positive test in this study 
indicates that the monkey developed pa- 
ralysis and definitive lesions consistent with 
those seen in poliomyelitis were found in 
tlie spinal cord and elsewhere in the cere- 
bral axis. 

Several strains have been passaged in 
monkeys. None of these strains has pro- 
duced illness in cotton rats, Swiss mice, 
euinea pigs, rabbits or hamsters. 

Results, A, Family studies. There 
were 24 individuals living in 5 house- 
holds, Of these persons, 17 had polio- 
myelitis virus in their intestinal excreta. 
Among tliese 17 persons, pohomyehtis 
virus was detected in the oropharynx 
of 7. 

There were 14 children in these fam- 
ilies (Table 2). All of the children had 
poliomyelitis, for virus was found in 
the stools of 13; tlie stool specimen from 
one child was not tested, for this pa- 
tient had a paralytic attack. Poliomye- 
litis virus was detected in the oro- 
pharyngeal exudate obtained from each 
ol 5 children. 

Among 10 adults poliomyelitis virus 
was detected in stool samples obtained 
from 4; among these 4, virus was found 
in tlie oropharynx of two fathers. 
Poliomyelitis idrus was not found in 
the remaining 6 adult members of 5 
households which were studied. 

The results of virus studies made on 
these individuals appear in Table 1. 
A brief summary of clinical data con- 
cerning tlie individuals in each house- 
hold follows: 

Family T.P. (Figure 1.) Residence— 
Olathe, Kansas. On July 5, 1946 the 
family spent a day at Wheeler Park in 
Seneca, Missouri. There, at tlie park, 
Mr. P. drank sulfur spring water. On 


^ FxceptinR die first 15 monkeys used in diese tests, all odiers were tuberculin-tested usinc 
10.0 mg. of Imman old mbercuhn as die test dose. Onh- diose monkeys proiiding a negative 
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July 10 he developed an illness which 
lasted 3 days. His illness was character- 
ized by fever (101° F.), vomiting and diar- 
rhea. On July 23, Melinda, aet. 10 
years, complained of sore throat. She had 
fever (101.5° F.) also. On July 25 she had 
headache and vomited. A stifE neck and 
weakness of both arms were found on 
July 28. She was then admitted to the 
hospital. There were 875 white cells /mm® 


groups in the right leg. Melanie, aet. 4 
years, and Tom, aet. 3 years, each had a 
day of illness marked by soreness of the 
arms and legs (July 25-Aug. 1). Mrs. P. 
was in attendance daily at the hospital. 
She did not have a recognized illness 
during the summer. 

In summary, each child in this house- 
hold had a recognized illness. Each 
of these illnesses occurred during a 7- 
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in the cerebrospinal fluid; 95^ of these 
were hmaphocytes. Paralysis advanced to 
involve the respiratory muscles and after 
a stormy course of illness tlie patient died 
on Oct. 27, 1946. On July 25, Martha, 
oet. 11 years, had sore throat and fever 
(101° F.). On August 3 she was drowsy 
and complained that her head ached. 
Her neck was stiff also. Subsequently Dr. 
G. M. Martin, of the department of phy- 
sical medicine, found weakness of muscle 


day period. Poliomyehtis virus was de- 
tected in the stool sample obtained 
from each child and in tlie oropharjmx 
of the fatal case. The detection of pol- 
iomyelitis \'irus in tlie excreta of 2 
siblings who had minor illnesses indi- 
cates that they had poliomyelitis. The 
brief period during which onset of ill- 
ness occurred in tliese children suggests 
e,xposure to virus at a single source. 
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Family H. M. (Figure 2.) Residence 
—Kansas City, Missouri. On about June 
10, 1946 this family went on a picnic at 
Liberty, Mo, On June 15, Ruth, aet. 
7 months, was fussy, vomited and had 
fever (102° F.). She recovered promptly. 
On June 17, Frank, aet. 2% years, felt 
hot; he was fussy and vomited. George, 
aet. 8 years, on June 18 complained of 
headache. He vomited also. On the 
same day Mark, aet. 6 years, had fever 
and vomited. These symptoms persisted 
until June 22 when he regurgitated fluid 
through his nose when he swallowed. He 
v/as admitted to the hospital where weak- 
ness of muscles of the pharynx and left 
arm was found. There were 66 lympho- 
cytes/mm^ in the cerebrospinal fluid. Mr. 
M. became ill on June 20. He had head- 
aches and an “upset stomach,” although 
he did not vomit. He felt that he had 
fever. His illness lasted 2 days. Mrs, M. 
had headache on June 22; no other symp- 
toms appeared. 

In summary, each member in this 
household had a recognized illness. If 
Mrs. M, is excluded, each of these ill- 
nesses occurred within a 5-day period. 
Poliomyehtis virus was detected in the 
stool sample obtained from each child 
and from the father. 

The presence of virus in the stool 
obtained from die siblings and father 
of the paralyzed patient indicates tliat 
each of tliese minor illnesses was polio- 
myelitis. The short interval of time in 
which onset of illness occurred in the 
members of this household suggests ex- 
posure to virus at a single source. Pol- 
iomyelitis virus was not detected in the 
oropharynx of any member of this 
household. 

Family C.D. (Figure 3.) Residence— 
Osawatomie, Kansas. The children, Larry 
and Phyllis, played with tliree children 
in tlie McK. family, 2 of whom had clini- 
cally apparent poliomyelitis. An abstract 
of the McK. family history' follows: 

J. McK., aet. 8 years,— onset 7/21/46— 
meningeal 1)136, aborti\'e 

Z. McK., aet. 5 )'ears,— onset 7/21/46— 
bulbar, fatal 


L. McK., aet. 2 years,— onset 7/23/46— 
abortive. 

Virus isolation studies were not done wth 
members of the McK. family. 

On July 25, 1946 Larry D., aet. 6 
years, had headache, stiff neck and back, 
and fever (103° F.). He was admitted 
to the hospital where he developed paral- 
ysis of arms and legs. He also had dif- 
ficulty in swallowing. There were 165 
cells/mm^ in the cerebrospinal fluid; 60^ 
of these were lymphocytes. On July 29, 
Phyllis D., aet. 2 years, was restless. She 
vomited also. Her mother stated she felt 
“hot.” On admission to tire hospital she 
had fever (103° F.) and a stiff back. The 
spinal tap revealed bloody fluid. There 
were 429 WBC and 529 RBC/mm® of 
spinal fluid; 23^ of the white cells were 
lymphocytes, Phyllis did not develop 
demonstrable paralysis. Mr. D,, aet. 28 
years, was discharged from the Army on 
June 4, 1946. He worked as a laborer 
on the railroad and stated that during 
the month preceding illness in the chil- 
dren he was tired and had experienced 
generalized aches and pains. Mrs, D., 
aet. 28 years, hrd headache which lasted 
for 3 days (July 23-26). 

In summary, 2 children and probably 
one adult in this family had a recog- 
nized illness. Each of these illnesses 
occurred during a 6 day period. Polio- 
myelitis virus was detected in the stool 
samples of each of 4 members of tliis 
household and in the oropharynx of 3 
of these, Pohomyelitis attacked ev'ery 
member of this family. As in preced- 
ing households the brief period ensu- 
ing beUveen onset of illnesses in 3 
members suggests exposure at a com- 
mon source. Tlie presence of virus 
in tlie oropharjmx of Mr, D, was re- 
garded as meaning that he acquired his 
sub-clinical infection at about die same 
time as did tlie otliers in his family. 

Considering the onset of illness in 
members of die McK. and D. families 
(%\idiin an 8-day period) it is not be- 
yond perad\'enture diat poliomyelitis 
\’irus entered into both family groups 
at the same dme and from a common 
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source. If the premise that all mem- 
bers of tire D. family acquired polio- 
myelitis at a common source is correct, 
then it appears unHkely that any mem- 
ber of the McK. family personally in- 
troduced virus into the D. household 
and that a vehicle served as the com- 


mon carrier in the environment of botli 
families. In other words, the 8-day 
period between onsets of illnesses as 
they occmred among the 9 members in 
these families is tire variation one might 
expect in the incubation time. 

Family R.C. (Figure 4.) Residence— 
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(rural) Paola, Kansas, On July 23, 1946, 
this family visited a boys’ camp where one 
of the members within the week had been 
sent to a hospital with poliomyelitis. The 
family visited a cousin who was in the 
camp; however, none of the family got out 
of the automobile. During the last week 
in July a cat on their farm was sick. The 
cat had a stiff and staggering gait. The 
cat died; Mr. C, buried it. About August 
5 he complained that his legs were stiff 
and his arms weak. These symptoms im- 
proved slowly during the next 10 days. 
On August 11 Charles, aet. 7 years, had 
sore throat. His face had a flushed ap- 
pearance. On August 14 he complained 
that it hurt him to bend his neck. Fol- 
lowing admission to the hospital he devel- 
oped paralysis of the left arm. There were 
1650 cells /mm® in the cerebrospinal fluid; 
75^ of these were lymphocytes, Ann. 
aet. 6 years, became sick on August 13 
with fever (103° F.) and sore throat. She 
was better on the following day, but on 
August 16 complained of headache. Her 
neck was stiff. On admission to the hos- 
pital she had 1184 cells/mm® in the cere- 
brospinal fluid. Of these 73^ were 
lymphocytes. She developed paralysis of 
both arms. Mrs. C,, aet. 34 years did not 
have a recognized illness. 

In summary, tlie 2 children in this 
family had paralytic, and Mr. C., father, 
had abortive poliomyelitis. Poliomye- 
litis virus was detected in the stool and 
oropharyngeal samples obtained from 
each of tliese 3 individuals. Virus was 
not detected in similar samplings ob- 
tained from Mrs. C. 

The onset of illness in the children in 
the household occurred witliin a three- 
day period. It is not at all certain tliat 
Mr, C. had poliomyelitis as early as 
August 5. There is some reason to be- 
lieve otlierwise, for it appears to be the 
rule that virus is most easily detected 


in the oropharynx within the first week 
of illness. Recent evidence indicates 
that wus can be detected in the 
pharynx 1 to 5 days before®’®® and 1 to 
6 days® after onset of poliomyelitis. It 
would appear probable that Mr, C, was 
seeded with virus at the same time that 
his children were. 

Family T.iS.U (Figure 5.) Residence- 
Mission, Kansas. Kathryn, aet. 6 years, 
on July3, 1946 developed sore throat. She 
had fever (102° F.). During the next 6 
days she felt better, but was not com- 
pletely well. On July 9, she complained 
again that her throat was sore and again 
she had fever (104° F.). On July 11 she 
felt better. On July 14, she had nausea, 
headache and a stiff neck. On July 17 it 
was noted that she dragged her right foot. 
She was admitted to the hospital. The 
spinal fluid contained 37 white cells /mm®; 
all of these were lymphocytes. The 
Achilles and patellar reflexes were absent 
on the right. No further paralysis ap- 
peared. On July 10, 1947 Mr. R., aet. 
35 years, had sore throat. From July 20 
to 22 he had headache and backache. He 
was nauseated, and he had diarrhea. On 
July 21, Mrs. R., aet. 34 years, had a day 
of backache. On July 24, Donald, aet. 
9 years, complained that his legs ached. 
His temperature was 100° F, On July 
25, his neck was stiff. He recovered with- 
out further progress of his illness. 

In summary, in this household 2 
children had poliomyelitis. In these 
siblings onset of illness was at least 15, 
possibly 24, days apart. Poliomyelitis 
virus was found in a stool sample ob- 
tained from the abortive case. The 
•Stool obtained from tlie paralyzed pa- 
tient was not tested. The history of 
minor illness in die parents suggested 
that diey had poliomyelitis but tests for 
the presence of wrus in die diroat and 


I am indebted to Dr. Paul Loran for tlie privilege of studjing this family. 

These data are at variance with those published earlier (Proc, Soc. Exp. Biol, and Afed. 66 
92, 194 /). It is sometimes dilficult to decide whether indiriduals are apparently health}’ carriers; 
in the final anal}-sis individuals with apparently trivial complaints, namely headache, backache’ 
etc., ha\’e been cl.assified as haring indefinite illnesses. In the earlier publication some of these 
nidividuals were regarded as not having h.ad any illness. We feel tliat this classification is not 
import. ant, and that regardless of a negative histor}’ the presence of virus indicates h subcUnical 
level o] injection. 
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stool (2 monkeys for each stool speci- 
men) were negative. 

In this family study there are seen 
different forces than tliose seen oper- 
ating in previous households studied. 
For example, it is not unlikely that 
Kathryn had two illnesses, the first, 
with sore throat, beginning July 3, and 
the second, poliomyelitis, beginning on 
July 9. Also, on the basis of the pres- 
ence or absence of poliomyelitis Virus in 
brother and parents, despite the history 
of minor illness in the latter, it would 
appear that the siblings were exposed 
independently to poliomyelitis virus, 
and possibly that the parents had no 
intimate exposure to virus, although ex- 
posed to the illness. 

The data assembled here point out 
that the virus of poliomyelitis is dis- 
tributed widely in certain ho^iseholds in 


which the disease appears. The seed- 
ing of virus in members residing in 4 
households appears to have been simul- 
taneous, and occurred at a common 
source. In the last, the T. R. family, 
independent exposures probably oc- 
curred. 

B. Distribution of poliomyelitis virus 
in throat and feces. 

1. According to age and illness. We 
have summarized in Table 2 some facts 
concerning the overall distribution of 
pohomyehtis virus in the throat and 
feces obtained from individuals in these 
5 families. Among 10 adults 7 had 
some complaint, disregarding the ap- 
parently trivial natme of their illnesses. 
Three of these had virus in their stools 
and in one, virus was present in the 
throat sample. The remaining 3 adults 
were presumably healthy during the 


Table 2. Overall Detection of Virus in Throat and Feces According to Age and Sickness 



Age 

Span 
( I'ears) 

Number 

in 

Group 

Sick 

Not Sick 

Total 

Group 

Virus 

Throat 

in 

Feces 

Virus in 
Throat Feces 

Virus in 
Throat Feces 

•Vdulls 

28-43 yr. 

10 

l/6t 

3/7 

1/3 

1/3 

2/9t 

4/10 

Children 

7 mo.-ll yr. 

14 

5/14 

13/13» 

_ _ 

5/14 

13/13 

Total 

— 

24 

C/20 

16/20 

1/3 

1/3 

7/23t 

17/23‘ 


Numerator=positive tests, denominator=individual tests completed. 

* One stool from a paralytic case (T.R. family, Kathryn aet. 7 years) not tested. 
tOne test was incomplete; See Table 1. 


Table 3. Detection of Virus in Throat and Feces According to Type of Illness and 
Interval Between Onset and Sampling® 


Type of 
Illness 

No. of 
Cases 

Mean Interval in Days Between 
Onset and Sampling 

Positive Tests 



Feces 

Oropharynx* 

Feces 

Oropharynx 

Paralytic 

7 

8.6 

6.7 (3.2) 

6/6 (7/7) 

4/7 

Abortive 

7 

7.4 

7.5 (2.0) 

7/7 

1/7 

Indefinite 

7 

11.2 

11.2 

' 3/7 

1/fi 

None 

3 

— 

— 

1/3 

1/3 

Total 

24 


17/23 (18/24) 

7/23t 


* Actually these are approximations since in several instances we have found it difficult to 
state tile exact time of onset. 

One stool noted above not tested; (7/7) includes a test presumed to be positive. 
tOne test was incomplete; see Table I. 
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period of study; 1 of these had a sub- 
clinical attack of pohomyeiiiis. in this 
last patient pohomyelitis virus was 
present in the throat and bowel. Of 
i4 children, 7 had paralytic, and 7 had 
abortive attacks of poliomyehtis. Stool 
samples from 13 children yielded poho- 
myelitis virus (one stool- from a para- 
lyzed patient was not tested); virus was 
detected in the throat of 5 of these 
children. 

In these households the risk of at- 
tack among children is twice tliat ob- 
served to have occurred among adults. 

2. According to type oj illness. The 
data tabulated in Table 3 indicate that 
it is easy to detect virus in the throat 
of the paralyzed patient. Virus was 
detected in the throat of 4 of 7 para- 
lyzed children. In abortive poliomye- 
litis virus in the throat has not been as 
readily detected as in the paralyzed 
patient. Among 7 abortive cases whose 
stool samples were positive in only one, 
a child, was vii'us detected in the oro- 
pharynx. Among those 7 individuals 
(adults) whose complaints were so 
poorly defined the classification has 
been difficult, virus was detected in 
the stool of 3, and in 1 it was found in 
the oropharynx. Virus was found in 
the stool and diroat of one apparently 
healdiy adult. 

It is evident tliat pohomyehtis virus 
disappears from the surface of the 
tlu’oat soon after tlie onset of poliomye- 
litis. Two major queries arise from 
tliis observation. Is the difference in 
ability to detect virus in tlie paralytic 
and abortive types of poliomyelitis an 
indication that tliere is more virus in 
the throat of tlie paralyzed patient? 
Or is the interval between onset of 
illness and sampling of great impor- 
tance? 

3. According to interval between on- 
set and sampling. The number of days 
between onset of illness and sampling 
of the exudate in tlie orophar\’nx and 
stool among patients, particularly in 


respect to type of illness, appears also 
in Table 3, 

The duration of die fecal carrier 
state has been studied,® and, except to 
state diat virus may be excreted in fe- 
ces for from 3 to 18 weeks, need con- 
cern us no further here. 

A somewhat different situation ex- 
ists in respect to the presence of virus 
in the throat. It was stated earher 
that virus can be detected readily in 
the early days of illness and even be- 
fore sickness appears® but the ease of 
detection is reduced markedly after the 
first week of illness. In the present 
series there is httle observed difference 
in the mean interval between onset of 
illness in paralytic and abortive at- 
tacks of illness and samphng of the 
oropharynx for \Trus. The results of 
tests however indicate that virus was 
most easily detected in samples from 
paralyzed patients. 

Actually among the paralyzed cases 
positive throat swabs were obtained 
only during the first few days of ill- 
ness (indicated parenthetically in Table 
3); the inclusion of the negative test 
tends to prolong the mean interval for 
the group, and obscures the true and 
approximate interval in which positive 
tests were observed to occur. In the 
abortive cases the mean interval rep- 
resents quite closely the actual time 
between onset and sampling. The sin- 
gle positive throat in this group (1/7) 
was obtained on tire second day of ill- 
ness. 

It would appear that time is the 
essence of importance in samph'ng, and 
that clinical gravity of illness is of 
little significance in regard to the pres- 
ence of poliomyehtis virus in the oro- 
pharynx. : 

Discussion. In resum6 tliere are 
situations favorable to a widespread 
dispersion of poliomyelitis virus in 
households in which the disease ap- 
pears. How \Trus is seeded in these 
indiiiduals is not in eWdence from om 
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data. It appears, for reasons stated 
below, that the seeding and subsequent 
implantation of virus in people in 4 
famihes occurred at the same time. 

It is now clear that pohomyelitis 
virus can be detected in the throat and 
in the feces of infected individuals prior 
to the appearance of symptoms,^’^® 
This clarifies certain aspects in patho- 
genesis, but not in epidemiology. 
The presence of virus in the throat 
during the prodromal period requires 
interpretation. The throat probably 
provides one of the primary niduses 
for implantation of virus, thereby pro- 
viding access to pathways leading to 
involvement of the central nervous 
system. Ward and Walters^^ detected 
virus on a face mask containing ma- 
terials expelled from the moutib (or 
nose) in 2 (of 19) patients. Neverthe- 
less it was difficult to find virus in such 
material albeit these patients were in 
the first 2 or 3 days of illness. In spite 
of these findings one cannot be certain 
yet that the presence of virus in the 
oropharynx is not of greater patho- 
genic tlian epidemiologic interest. 

In the present study, it is surprising, 
due consideration being given to the 
demonstrated presence of virus in the 
throats of children, that among intimate 
attendants, namely their mothers, none 
had poliomyelitis virus in the orophar- 
ynx. Although the series is small, this 
is not a sampling error as attested to 
by the negative stool tests in all except 
one. If these mothers are “immune” 
to poliomyelitis they stand in distinction 
to other members of their household. 

There remains a possibility in view 
of the obscure onset and nature of ill- 
ness that two fathers might have 
brought poliomyelitis \'irus into the 
household. Tliis does not appear ten- 
able because virus is present in the 
throat probably a few days before 
and after onset of illness, and virus 
was detected in the throat of these men 
at the same time that it was found 


in the oropharynx of other members of 
their families. Hence, it appears that 
virus was seeded in the fathers simul- 
taneously with other family members. 

Primary exposure may also occur 
independently m siblings Hving in the 
same household. This is not a unique 
observation, for such primary contacts 
are not xmcommonly seen in some dis- 
eases of respiratory and alimentary 
origin. In particular, in the random 
movements of children between 5 and 
10 years, it is not unlikely that they 
have many opportunities for single or 
repeated exposure to many microor- 
ganisms at least potentially capable of 
causing illness, and among these is 
poliomyehtis. In some households 
there are members who are exposed 
in an experience in which other mem- 
bers of the family do not share. These 
individuals introduce virus into the 
family, and while circumstantial evi- 
dence suggests that they may seed 
it among other residents, it is not clear 
beyond peradventure that they do. 

The validity of using simultaneous 
appearance of illnesses in members in 
a group to indicate common exposure 
to a microorganism is questionable rm- 
less the broad limits of the incubation 
period are known. Horstmann and 
PauP have discussed this problem. In- 
asmuch as the mode of spread and the 
extra~neural pathogenesis of polio- 
myelitis has not been succinctly defined 
the prodomal period in poliomyelitis 
is a matter of opinion. 

Precisely what the situations are 
which determine a widespread seeding 
of poliomyelitis virus in the family are 
not known. Zintek^® has suggested a 
common vehicle rather than a person. 
To this we agree. 

Summary. 1. A study of 5 families 
in which poliomyelitis appeared pro- 
vided evidence of a widespread distri- 
bution of virus in members of these 
households. 

2. There were 24 members in these 
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households; 17 had poHomyehtis virus 
in their intestinal discharges; in 7 virus 
was detected in the throat. 

3. PoHomyehtis virus was detected 
in stool samples of 13 children, and 4 
adults. Virus was present in the tliroat 
of each of 5 children and 2 adults. 


4. On the basis of history of onset 
of illness and isolation of poHomyehtis 
virus in members of 4 households it is 
suggested that virus was seeded in 
respective members at a common 
source. 
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It has been amply demonstrated. 
Within the past 2 years, that synthetic 
5-methyl uracil (thymine) (Fig. 1) is 
capable of producing a clinical and 
hematologic response in the patient 
who has macrocytic anemia of perni- 
cious anemia, of nutritional deficiency 
disease, and of tropical sprue. It has 
been pointed out by Spies and his 

THYMINE 

(2, 4, Dioxo — 5 — methyl pyrimidine) 

H - N - C = O 

I I 

O = C C - CHj 

! II 

H - N - C - H 

- FIGURE 1. 

associates^’^’^’® that tliis clinical and 
hematologic response parallels that 
which follows the administration of 
folic acid, provided the dose of thymine 
is several tliousand times that of folic 
acid. Spies and Stone® have noted 
further that thymine, like folic acid. 


is not an effective agent in the preven- 
tion of subacute combined degenera- 
tion in patients with Addisonian per- 
nicious anemia. They noted also that 
it is hot effective in retarding the prog- 
ress of subacute combined degenera- 
tion once it has been initiated. 

The present study, unlike any pre- 
viously reported, is concerned with the 
maintenance of 3 selected patients, 
suffering from tropical sprue in relapse, 
for at least 1 year after the administra- 
tion of large doses of thymine. 

Materials and Methods. Three white 
Cubans (2 men and 1 woman) were 
selected for study, using the following 
criteria: 

1. The patient must have a macrocytic 
anemia with a red cell count of 2.5 
million or less per c.mm. and a color in- 
dex of 1.0 or more. 

2 . There must be megaloblastic arrest 
of the sternal bone marrow. 

3. The patient must have diarrhea, 
characterized by voluminous foul-smelling, 
frothy, liquid, yellow stools, %vith an in- 
creased fat content as determined by 


* Northwestern University Studies in Nutrition at the Calixto Garcia Hospital, Havana, Cuba, 
in cooperation xvith the University of Havana. 

t This study was supported by grants from the Martha Leland Sherwin Memorial Fund. 
(270) 
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chemical analysis. 

4. He must have glossitis. 

5. There must be free hydrochloric 
acid in the gastric juice on fractional 
analysis after histamine stimulation. 

6. He must have a flat oral glucose 
tolerance curve as determined by an in- 
crease in blood glucose of no more than 
10 mg. per 100 cc. in subsequent blood 
samples compared to the fasting speci- 
men, no sample being greater than 105 
mg. per 100 cc. 

7. The intestinal pattern on radiography 
must have a "moulage” appearance and 
other flndings consistent with a diagnosis 
of sprue. 

8. The patient must have had a body 
weight loss of at least 20 pounds during 
the 6 month period preceding the initiation 
of the study. 

9. He must have had no specific thera- 
py within the 5 weeks preceding the initia- 
tion of this study. 

The patients selected were admitted to 
the Calixto Garcia Hospital. In each 
case, a complete medical and dietary 
history was obtained and a complete 
physical and neurological examination 
made. Packed cell volumes (P.C.V.) with 
blood indices were determined prior to 
and after therapy. Daily erythrocyte, 
leukocyte, hemoglobin, and reticulocyte 
determinations were made by methods 


previously described."* Before tlierapy was 
initiated and at the peak of reticulocytosis, 
sternal bone marrow was obtained by 
aspiration. Gastrointestinal Roentgen ray 
examinations were done by Dr. R. L. Her- 
nandez Beguerie before treatment and on 
the 15th day of therapy. Glucose tolerance 
tests were done before and after treat- 
ment. The stools were examined for para- 
sites by Dr. Arturo Curbelo and cultured 
for bacteria by Dr. Pedro Kouri. Gastric 
analyses were done by Dr. Aureliano 
Rodriguez. The diet of each patient, 
which was rigidly controlled throughout 
the time the patient was in the hospital, 
contained no meat, meat products, fish, 
fowl, milk or eggs. All other foods were 
allowed in any amount desired. 

After basehne studies were completed, 
each patient was given a total of 15 
grams of synthetic 5-methyl uracil daily 
in two 7.5 gram doses, one at 10 a.m. 
and one at 3 p.m. The material was 
suspended in a half glass of water im- 
mediately before administration. The pa- 
tients remained in the hospital until they 
had gained weight and strength and until 
their blood values approached normal. 
When they were discharged, they were in- 
structed to eat a diet high in calories, 
protein, minerals, and vitamins and to 
return at regular intervals for follow-up 
studies. 



Fio. 2.— Case 1.— Ilcmopoictic response and weiKht durinc thjmine therapy and for 1 year thereafter. 
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Observations. Following the ad- 
ministration of 5-methyl uracil, a defi- 
nite hematologic response took place 
in each of the 3 patients as can be 
seen in Figures 2, 3, and 4 and in the 
summary of cases shown in Table 1. 
Reticulocytosis, which began on the 
4th or 5th day of therapy, reached a 


peak on the 8th or 9th day and was 
followed by an increase in erythro- 
cytes and hemoglobin. Examination 
of the sternal bone marrow obtained 
on the day after the peak of reticulo- 
cytosis showed that in each case the 
marrow had changed and that it now 
contained more normoblasts, with al-. 




maintenance or patients with tropicae spree 


273 


cn 

w 

> 

.-4 


— . » « • 0) o « 

- I •- O C'p-r - V 

«o&^c'S 

c SsiJ a-c /H S-^' 3 *"''? 
c; . m o c ® 2 iina ? 

“o «-o 2 §j« o 3 w-ti 

• C^ucLWi •r-'e 5 *i 2 
t-® u O tfl 

C- ^ cS s es 

rt "‘?:^.5 S’-Sfe-^ So^g. 


._ ^ .. 

rt* 


S 5 o 5 

5 cj C O- 

p ^ « 

•s’u S S „ iJ.S j 
set E « - S;C 

O t) 3 S tj t) 

“-S-0 -S-sE 
■5 5 -e:„s ;7 = - 

“S S-S S-»\ 5-a^ S 1 o5 §'°5'|-2;| “ sl^'^ S S:='-S 

g—-T3 5?H o^-S c S:3-3-“-2 «"«■= «3 o o« o~SS 

« fe r. S'? 9 ^^ g ^ o -t*. S-f: . fe *" 


*± o s.S^ = i »- c 

-355 o-^.E 

c B S " = B « 

cp g 9i -* tc 

oj O ® Oi*o*^ 5 * O 

eStC*« ®Cu2M 

•M • * _2 ®v ^*3 

T ^ Jr rt o 3 a «•« ^"5 

; 65 ? ® CJ £^^'^.5 CJ ® S'o 


r 7 c t --5 > -J e 65 g p c 0*5 

^ glg- 5 S|>>S*Jgi 

■s-s 0-2 «* 


jz; 1 1 i-J 

-* ® esrz: c 

-"o"— = B S Sen o« o‘- 3 J 3 ii 

O « .2 ^ ^ o t/iTt 2 O ei ® o 2 


c t » -2 a 


is? 

vp 

•f 


O (X 

n:: 



. »♦ 
(W ^ 


BA ^ 

CQ 


pounds since trea' 



274 


LOPEZ, MILANES, TOCA; ARAJIBURU, SPIES: 


most complete obliteration of the mega- 
loblastic arrest seen in the preparation 
obtained before therapy was initiated. 
Clinical improvement began at ap- 
proximately the same time as reticulo- 
cytosis. The patients stated that they 
felt stronger and their appetites re- 
turned. The glossitis and burning and 
soreness of ' the tongue disappeared, 
and the stools returned toward normal 
although they did not become com- 
pletely normal for six weeks. Gastro- 
intestinal Roentgen ray findings follow- 
ing therapy were similar to those al- 
ready reported from this chnic.- Each 
of the patients gained weight in the 
hospital and was free of symptoms at 
the time of discharge. 

During the year which has elapsed 
since these patients were given mas- 
sive doses of 5-methyl uracil, their 
blood values have been maintained at 
normal levels. They appear to be in 
excellent health and are working hard 
every day. They have had no recur- 
rence of diarrhea or other ahmentary 
tract symptoms. The authors have 
observed a few patients with tropical 
sprue, however, whose alimentary tract 
symptoms did not disappear completely 
on thymine, fohc acid or hver e.xtract 
therapy. 


Smnmary and Conclusions. 1. The 
present study shows that massive doses 
of synthetic 5-methyl uracil (thymine) 
are effective in inducing a hematologic 
and cHnical response in persons with 
tropical sprue in relapse. 

2. For the first time it is reported 
that the blood values and general 
health of patients wth tropical sprue 
in relapse were maintained for at least 
a year after the administration of large 
doses of synthetic thymine. 

3. In these patients wth tropical 
sprue there was no evidence of sub- 
acute combined degeneration at any 
time during the course of the study. 
In our studies of patients with Addi- 
sonian pernicious anemia in the United 
States, we have learned that th3nnine, 
hke fohc acid, neither prevents the 
development of subacute combined de- 
generation in these patients nor does 
it retard it once it is initiated. 

4. Tlie authors do not recommend 
thymine as a practical tlierapeutic 
agent as it has no virtues over fohc 
acid which have been demonstrated 
so far, and it takes several thousand 
times the dosage to produce a response 
equal to tliat which follows the ad- 
ministration of folic acid. 
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THE HEALmC OF RESISTANT SKIN ULCERS 
AFTER TREATMENT WITH NITROGEN MUSTARD 

A PRELIMINARY NOTE 

By JULIAN ALEKSANDROWICZ, M.D. 
CRACOW, POLAND 


(From the II Medical Clinic of 
[Director: Prof. 

In the course of an investigation on 
the therapeutic value of nitrogen 
mustard, it ivas observed tliat skin 
ulcerations, resistant to all previous 
forms of treatment, started to heal. 
These properties of nitrogen mustard 
to our knowledge have not been here- 
tofore described in the literature. 

This observation was accidentally 
made while using nitrogen mustard for 
a neoplasm of die spine on a 23 year 
old patient suffering also from a large 
decubitus. Aldiough the nitrogen mus- 
tard treatment had no dierapeutic effect 


le Jagiellonian University, Cracow 
Dr. T. Tempka]) 

on die neoplasm, the ulcer was covered 
in 5 to 10 days with epithelium and the 
pain had decreased. 

Another case was a patient, 42 years 
old, who had imdergone an operation 
for carcinoma of the penis followed by 
irradiation with large doses of x-ray in 
the inguinal region. After the last 
series of irradiation in February 1947, 
an ulceration appeared in the right 
groin and in spite of various forms of 
treatment, it continued to spread and 
deepen. He was admitted to the 
clinic in September 1947 with a wide- 
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spread deep wound affecting three- 
fourths of the right groin (Fig. 1). 
Nitrogen mustard treatment was in- 
stituted after determining his sensitivity 
by the aid of the skin test^ developed 
in our laboratory. 

The test is performed as follows. 
After removing all traces of fat from 
the skin of the forearm, one drop each 
of V^o, 0.1% and 0.01% alcohohc solu- 
tion of nitrogen mustard is applied to 
tire surface of the skin and the changes 
are observed after 24 and 48 hours. 
The skin to which the solution has 
been applied becomes red in most 
cases after 24 hom'S. When the red- 
dening appears in the place where 1% 
solution has been applied, the reac- 
tion is regarded as positive (+); when 
reddening appears with 0.1% solution 
it is a strong positive reaction (++); 
and witlr 0.01% solution it is a very 
strong positive reaction (+ + +). In 
very strong positive reactions a wheal 
may appear. 

In our experience tliese skin tests 
have proved of value in determining 
die dosage of nitrogen mustard. In 
the majority of cases we have observed 
diat die systemic toxic symptoms run 
parallel to the skin tests. Our patients 
widi a + + + reaction tolerated only 
0.025 mg. per Kg. of nitrogen mustard. 
Patients widi a ++ reaction tolerated 


0.05 mg. per Kg. and patients with a 
4' reaction tolerated 0,1 mg. per Kg. 

After the patient received 6 mg. of 
die drug intravenously daily for 6 days 
the pain disappeared, the floor of the 
ulceration was covered with granula- 
tion tissue and the edges showed a 
marked tendency to contract. He then 
received, at 2 six-week intervals, series 
of nitrogen mustard consisting of 3 
and 2 intravenous injections respective- 
ly of 6 mg. each. The wound con- 
tinued to decrease in size, the granula- 
tion extended to the surface of the 
skin and was covered widi epidieliuni. 
By the middle of November die area 
of the ulcer was much smaller, the 
floor had risen to die level of the skin 
and was partially epithelialized (Figs. 
2 and 3). 

We have made similar observations 
in other cases and found diat nitrogen 
mustard affects superficial decubitus 
as well as deep skin ulcerations re- 
sulting from x-ray burns, which as we 
know are among die most difficult of 
skin wounds to heal. 

These observations are submitted as 
a preliminary report. Further inves- 
tigations are being carried out in our 
clinic on the response of other non- 
malignant types of lesions of internal 
organs to nitrogen mustard. 


' T. Aleksandrowicz and A. Wolanski, to be published. 



THERAPY OF ACUTE FLUORIDE POISONING 


By John H. Peters, M.D." 

ASSISTANT IN MEDIONE, YALE SCHOOL OF MEDICINE 
NEW HAVEN, CONNECTICUT 

(From tlie Department of Internal Medicine, Yale University School of Medicine and the 
Medical Service of the New Haven Hospital.) 


The literature dealing with tlie bio- 
logical effects of fluorine and fluorides 
has grown rapidly in the last tliree dec- 
ades, The principal incentive for this 
was the discovery in 1931 that natu- 
rally occurring fluorides could and did 
affect dentition®®. The many and 
ubiquitous uses of fluorine compounds 
in agriculture and industry have also 
inspired much investigation of the tox- 
icity of fluorides. 

In the interests of clarity, fluorosis 
may categorically be divided into 3 
types: (a.) Chronic, low-dose poisoning, 
giving rise to dental defects and per- 
haps to other less well understood phe- 
nomena. This type of poisoning is not 
kno\vn to cause physical incapacitation, 
and is primarily the result of ingestion 
of excessive amounts of naturally-occur- 
ring fluorides in drinking water sup- 
plies. (b.) Chronic, high-dose poisoning, 
resulting in bone disease (Roholm’s 
"cryolite fluorosis”^®) and other af- 
flictions which may seriously affect 
the victim’s subjective well-being®-®’'. 
This type is usually associated wtli in- 
dustrial exposure of workers, or of the 
inhabitants of industrial regions.^® 
(c.) Acute fluoride intoxication due to 
ingestion or inhalation of relatively 
large amounts of fluorine in elemental 
form or in chemical compounds. 

The tliird form, acute fluoride intoxi- 
cation, be it accidental, suicidal or 
homicidal, has not been examined with 
the same vigor that has characterized 
the investigation of the other two. Re- 
news of fluorine physiology and to.\- 


icity’®-’®'®® have tended to mini- 
mize the significance of acute effects. 
Quantitative or metabolic studies of 
this condition have been few, and tlie 
important implications of some of the 
available data have not been appreci- 
ated. It has therefore seemed advisable 
to employ a case report as the frame- 
work for a discussion of certain perti- 
nent aspects of the acute type of fluo- 
rine poisoning. 

CASE REPORT. F.B.M., No. A57262, a 
16-year-old, white, unmarried, schoolgirl-store- 
clerk, was brought to the emergency room of 
the New Haven Hospital ou October 8, 1946, 
at 9:45 a. m. Her uncle, who brought her to 
the hospital in his car, stated that she had 
awakened him 20 minutes earlier to inform 
him that she had just taken poison following 
an argument with her motlier. She had also 
complained of severe stomach pain. The pa- 
tient admitted to taking one-third or one-half 
of a drinking glass of roach powder mi.xed 
witli water. 

Previous history included several visits to 
the hospital’s clinics for minor complaints. She 
had had no known serious illness or injur)'. 
The family was broken, .and social and legal 
agencies had been repeatedly called on be- 
cause of poverty and a sibling’s moral of- 
fenses. 

Admission examinafion: T99.6 P 80 R 16. 
B.P. 120/80. The patient was a well-developed 
and nourished, acutely ill, white, adolescent 
female, appearing somewhat older tlian her 
stated age. Positive findings follow. She lay 
motionless on a stretcher, responding dully 
and reluctantly to questions and asking that 
she be allowed to die. At intervals she w.as 
racked by abdominal cramps ivhich caused 
her to writhe and cry out in pain; tliese were 
usually followed by emission of cloudy opa- 
lescent, bright green vomitus and involuntary 
watery diarrhea. The skin was dirty and pale 


• Present address: Department of Research Medicine, University of Pittsburgh School of Medicine. 
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with marked erythema and slight induration 
at sites of contact with vomitus on face, neck 
and chest. 

The mucous membranes were quite pale. 
There was periodic emission of a watery mu- 
cinous discharge from the nares mixed \vith 
vomitus. Salivation was profuse and watery. 
The pharynx was injected. The thyroid was 
easily palpable and diffusely enlarged. Respir- 
atory motions were slow and shallow. Large, 
mature, tense breasts showed easily visible 
periareolar venous nets. The lung fields were 
clear except for loud, coarse tracheal ronchi. 
Aside from tachycardia, precordial signs were 
not revealing. A tense, scaphoid abdomen 
emitting grossly audible peristaltic rushes at 
1 to 5 minute intervals was tender through- 
out, even to light touch. 

Course and treatment-. The immediate im- 
pression of tlie emergency room staff was that 
tlie poison had been arsenic. The stomach was 
washed and magnesium sulfate administered 
by tube. The author saw the patient 30 min- 
utes after admission, and in the interim the 
pulse had risen to 100, respirations had fallen 
to 12, and tlie blood pressure was only 100/70. 
Intravenous injection of 1,000 cc. of a 5% 
solution of glucose in distilled water was 
started, and tlie girl’s uncle was dispatched for 
the poison container. Since tlie blood pressure 
continued to fall, 500 cc. of pooled plasma 
were started at 11:80 a. m. Shortly thereafter 
the poison can was produced, and it was 
found tliat tlie substance had been sodium 
fluoride roach powder, a legally-required pig- 
ment accounting for the bright green color 
of the vomitus. 

Lime water (0.15% Ca(OH)n) was imme- 
diately obtained and 4 ounces administered by 
mouth, followed by 1 ounce every 30 min- 
utes for the next 12 hours. A continuous in- 
travenous infusion of alternating glucose so- 
lution and of normal saline (plus 1 pint of 
whole blood) was maintained during the 
first 24 hours to combat enteric fluid loss and 
shock. This included 2,500 cc. of 10% glu- 
cose and 1,000 cc. of normal saline, making 
a total parenteral fluid intake of 5,500 cc. 
During the first 2 hours of treatment tlie pa- 
tient improved noticeably, although tlie tem- 
perature rose to 102 and acute discomfort 
continued. Digifoline (8 cat units) was ad- 
ministered intravenously to facilitate full digi- 
talization should indications appear, but none 
developed. 

Calcium gluconate was kept in a s)Tinge at 
the bedside, and when some 41£- hours after 
admission, the patient developed positive 
Chvostek and Trousseau signs and com- 


plained of numbness and tingling of tlie ex- 
tremities, two ampules were administered in- i-^ 
travenously with prompt relief. Additional 
calcium gluconate was administered in the 
continuous infusion during the first night. 
Later in the afternoon the patient vomited up 
bright red specks of tissue, one or two of 
which measured as much as 1 by % byl4 cm. 

On microscopic examination these proved to 
be plates of mucosal epitlielium, presumably 
gastric. Examination of a blood sample for 
hemolysis at this time was negative. The lo- 
cal erythema of face and chest (“vomitus 
bums”) was still noticeable 7 hours after ad- 
mission. 

The next morning, 24 hours after poisoning, 
tlie patient was dramatically improved. Al- 
though complaints of aching and tingling of 
tlie arms suggested recurrence of tetany, ab- 
sence of otlier signs caused tliis to be ascribed 
to frequent venepunctures and to the intra- 
venous infusions. A subsequent determina- 
tion of serum calcium confirmed this 
(Table 1). A liquid diet was given, and on 
tlie 3rd hospital day a full diet was resumed. 
Temperature returned to normal 48 hours 
after admission, and on October 11 the pa- 
tient was sitting up in a chair virtually re- 
covered. 

An Ascheim-Zondek test on October 14 
was positive. The patient then admitted tliat 
she had taken the poison to avoid tlie de- 
rision tliat had greeted two neighborhood 
girls who had borne children out of wed- 
lock. After 7 days in tlie hospital she was 
discharged to court custody in accordance 
witli law. Some weeks later she was married. 

The patient was followed in prenatal clinic, 
although irregularly because of her recalci- 
trance. Gestation was uneventful except for 
mild anemia and an isolated instance of 
glycosuria (1-f-) which was not subsequently 
confirmed. On May 26, 1947, she bore a nor- 
mal son at term, and post-partum examination 
in July, 1947, revealed no abnonnalities. 

Pertinent laboratory data include: on Oc- 
tober 8, 1946, 14,000 leukocytes (16% non- 
segmented, 62% segmented neutrophils. 
18% I)mphoc)'tes and 4% monoc)'tes); on 
October 16 the count was 6,800 (4% non- 
segmented, 65% segmented neutrophils, 21% 
hmphocytes, 6% monocytes and 4% eosino- 
phils). On 5 occasions the urine was negative, 
except for glycosuria during glucose infusions. 
Roentgenograms of chest and long bones were 
negati\-e, but some teeth were found carious 
and abscessed. On October 11, the electrocar- 
diogram was found, “probably normal, xsitli 
borderline large Q^.” On October 15 tlie 
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prothrombin time was normal and the stool 
negative for blood. Chemical data are sum- 
marized in Table 1. 

Discussion.— Chemistry. The phe- 
nomena observable when the human or 
animal is exposed to fluorine gas or to 
chemicals containing fluorine are in 
part directly ascribable to known 
chemical and physical properties of 
these compounds. Fluorine is well 
characterized as one of the most "ac- 
tive” of the elements. Of a total of 
208 compounds containing fluorine 
listed in standard tables of inorganic 
chemicals^®’^® 55, or over 25%, de- 
compose in water, and information is 
lacking for 20 others. Elemental fluo- 
rine and its acid, HF, are well known 

Tabi-i: 1. 


NaF-fHCl HF+NaCl. 

It is probably justifiable to assume 
that the intense intestinal activity with 
cramps, borborygmus, vomiting and 
diarrhea, all common symptoms of 
acute poisoning seen in this patient 
and repeated in others, are the result 
of this corrosive effect. It is also likely 
that the renal irritation^* and 
the kidney damage noted at autopsies 
are attributable to the same mechanism, 
accentuated by concentration of the 
fluorine compounds by the excretory 

mechanism**d6.49, 

A less immediate but equally impor- 
tant effect of large doses of fluoride, 
once it has entered the circulation, is 
its combination with calcium to form 


Blood Ajjalysls in Pattent F.B.M. 



Blood 

mg. per 100 co. 

Co„ 

Content 

Cl. 

Serum 

gm. per 100 cc. 

mg. per 100 cc. 

Date 

Sugar NPN 

meq. 

meq. 

Protein Albumin 

Calcium “ 

Phosphonis 

10/8/46 12N 

10/9/46 

397 

240 20 

25 

99 

5.70 3.75 

9.16 

1,S7 

10/11/46 

10/12/46 

10/14/40 

75 

81t 

70 25 



6.85 4.90 

11.70 

3.61 


Note: Significance o£ blood sugars of 10/8 and 10/9 not clear because of glucose infusions. See text. 
® Serum calcium concentration not determined prior to treatment with calcium salts, 
t 120 minutes after 25 gm, of glucose, 74 mg. 


for their corrosive properties. On the 
other hand certain fluorine salts, such 
as CaF 2 and MgF 2 are quite insoluble, 
and many of them are widely dis- 
tributed in rocks and soils.*® 

The simplest effect of fluorine on the 
animal organism is a corrosive one, seen 
on skin contact, inhalation or ingestion 
of volatile or soluble fluorine com- 
pounds. This effect consists of superfi- 
cial or deep erosive bums of skin or of 
respiratory or digestive mucosa.*®-*® 
In the case of F.B.M. , this effect 
was apparent both on the skin areas 
in contact with vomitus and later from 
the vomiting of digestive tract epitheli- 
um. A specimen of tlie vomitus, sealed 
and stored in the refrigerator for medi- 
co-legal purposes, was subsequently 
found to have etched the glass vial in 
which it was placed. Presumably the 
reaction with gastric contents proceeds 
as follows: 


the insoluble salt CaF 2 . This effect in 
the test tube has been utilized for the 
prevention of clotting of blood. In 
the intact animal or in humans the ef- 
fect on clotting apparently is not an 
important factor in the outcome of 
acute poisoning®®, although a rela- 
tionship between coagulation time and 
chronic, low-dose fluorosis has been 
recorded®®. One group reports that 
coagulation of the blood is actually 
increased in fatal human poisoning.^® 
This observation may represent in- 
creased viscosity secondary to shock 
rather than a specific fluoride effect. 
The author and his associates have not- 
ed a similar phenomenon in rats-. 
It seems most probable that hemorrha- 
gic phenomena noted by many ob- 
servers in intestinal mucosa at autopsy 
are secondary to local corrosive action 
rather than to any generalized vascular 
reaction or clotting disturbance. A pro* 
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thrombin time determination on F.B.M. 
was normal. No bleeding tendencies 
were noted. A coagulation time was 
technically unsatisfactory and is not 
reported. 

The most dangerous clinical result 
of this biological inactivation of cal- 
cium is tetany which may, and fre- 
quently has, ended in death®^’®®*'^'’, 
although the tetanic nature of agonal 
motor disturbances have not always 
been recognized.®® It seems probable 
that many of the “convulsive” phe- 
nomena reported in fatal fluorosis were 
unrecognized tetanic states. The ap- 
pearance of tetany is usually delayed 
for 3 to 6 hours after ingestion^®. 
Oral and parenteral calcium are there- 
fore important adjuncts to therapy, the 
'former to intercept unabsorbed fluo- 
Iride, the latter to replace precipitated 
serum calcium. The efficacy of such 
tlierapy was demonstrated in the case 
of F.B.M. whose clinical tetany, appear- 
ing after a typical time interval, disap- 
peared promptly on administration of 
calcium gluconate. Unfortunately it 
was not possible to obtain a serum 
calcium level until 24 hours after tlier- 
apy. Others have demonstrated simi- 
lar improvement in tlie treatment of 
human cases^® and in animals®^’^®’^’^*®®, 
(altliough no effects are demonstra- 
ble \vitii small doses®®). The time 
interval between fluoride exposure 
and die onset of tetany is so short that 
it is improbable tliat one is dealing \vith 
gashic tetany. Nevertheless chloride 
loss from emesis undoubtedly contrib- 
utes in part to tlie depletion of ionized 
serum calcium. 

The author and his associates'*® 
ha^'e found tliat calcium and magne- 
sium salts exert a definite protective 
action in rats given sodium fluoride 
by gavage. Preliminary e-xperimental 
data indicate that magnesium does not 
potentiate fluorine toxicity under our 
experimental conditions. Of 151 yoimg 
rats gi\'en 0.5 gm. of sodium fluoride. 


25 (83%) died within 48 hours. When 
40 rats were given 0.12 gm. of calcium 
chloride, followed by 0.05 gm. of sodi- 
um fluoride, only 2 (5%) died in the 
first 2 days. When the calcium chlo- 
ride was given 5 minutes after the 
fluoride (20 rats) the mortality was 
10%, and when the interval was in- 
creased to 10 minutes (46 rats) mortal- 
ity rose to 63%. A dose of 0.12 gm. 
magnesium sulfate in place of calcium 
chloride gave comparable results. 
Vidien calcium fluoride alone was given 
(0.05 gm.) to 35 rats, tlie mortality re- 
mained low, 3 out of 35 rats dying in 
the 48 hour period (9%). Mortalities at 
24 and at 72 hours showed no signifi- 
cant deviations from these figures. This 
appears to contradict previous evi- 
dence obtained by Ranganathan^® 
who used lower dosage over a longer 
period and found that magnesium flu- 
oride was, if anything, more toxic than 
the sodium salt, causing him to con- 
clude that fluoride toxicity was not a 
simple function of salt solubilities. 
Studies by others of the effects of sev- 
eral relatively insoluble fluorides have 
confirmed a direct relationship between 
solubility and biological effect.®®-®® 

Recently it has been suggested’^ 
that glycolysis in defibrinated blood 
may be obliterated by a similar mech- 
anism, namely the formation of the 
highly insoluble fluorides of magnesi- 
um and calcium, thus removing an ion 
or ions which conceivably participate in 
this type of glucose catabolism. Fluor- 
ide blockage of glycolysis had long 
been recognized,®-^^-®^ and has been 
a valuable tool in the study of cellu- 
lar metaboh'sm, but the mechanism of 
the blockage is as yet incompletely un- 
derstood. 

It is not possible to predict the clin- 
ical resultant of tlie effects of fluoride 
on carbohydrate metabolism. Data in 
humans are virtually non-e.xistent. Han- 
dler has produced hj-perglycemia in 
rabbits which is counteracted by insu- 
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and later he and his associ- 
ates obtained similar findings in rats.-- 
In tlie case presented here (Table 
1) the blood sugar was elevated on 2 
occasions and glycosuria was noted. 
Unfortunately interpretation of results 
is compHcated by the fact that the pa- 
tient was receiving glucose by vein. The 
subsequent glucose tolerance test in- 
dicates that any carbohydrate disturb- 
ances which may have occurred were, 
for cHnical pmposes, completely re- 
versible. There seems to be no evidence 
that chronic fluorosis causes glycosuria, 
despite prolonged absorption and stor- 
age of appreciable amounts of fluor- 
ide 3.48 ]^as been noted that, the fast- 
ing state predisposes to hypoglycemia 
rather than hyperglycemia after fluor- 
ide3.2n -phis has been interpreted as 
an indication of inactivation of Hver 
phosphatase.^^ Insulin seems to pro- 
tect the liver glycogen to some ex- 
tent^2. Although the use of insulin was 
discussed in planning therapy for 
F.B.M., the absence of definite evidence 
of serious disruption of carbohydrate 
metabolism or of acid base balance 
made it unnecessary. 

Fluorides inactivate numerous other 
enzymes or enzyme systems in the 
body^^’®-’®^, and it seems obvious that 
many of the seemingly paradoxical phe- 
nomena observed are the resultants of 
several simultaneous interruptions of 
normal mechanisms. It will be noted 
above that F.B.M. was given a digi- 
talis compound prophylactically. This 
was in accordance xvith instructions on 
tlie label of the bo.x of roach powder 
from which she obtained her poison. 
Subsequent study of the literature has 
failed to reveal convincing evidence 
that any cardiac disturbances which 
may occur are at all distinct from those 
to be expected with shock and circula- 
tor>' collapse. 

In the test tube sodium fluoride may 
cause hemolysis if concentrations rise 
too high.® This phenomenon has 


not been observed in intact animals or 
in human cases, nor was it present in 
F.B.M. Blood fluoride levels high 
enough to cause hemolysis are proba- 
bly not compatible with life. 

Shock, although a common accom- 
paniment of all corrosive poisons, has 
received too Httle attention in discus- 
sion of fluoride damage. The effects 
}|Of ingested fluoride on the digestive 
j| tract are prompt, dramatic and dan- 
‘ gerous. In a short interval large 
'.amounts of fluid may be lost through 
! violent emesis and diarrhea. By con- 
servative estimate of gross measure- 
ments F.B.M.’s fluid loss in the first 
two hours was 1,500 cc. passed by eme- 
sis and per rectum. This fails to in- 
I elude profuse sahvation and perspira- 
tion. The abdominal pain experienced 
by fluoride-poisoned individuals is also 
a contributory factor in producing 
shock. As noted above there seems to 
be no available evidence tliat fluorine 
compounds have a specific effect on 
the heart or peripheral vasculature, but; 
! their general tissue-toxicity effects 
probably contribute to circulatory in- 
efficiency. A dangerous sequella of 
i peripheral circulatory failure is oligu- 
ria, causing increased fluoride concen- 
tration in urine and thus potentiating 
urinary tract irritation and damage. 
F.B.M.'s urine volume was well main- 
tained throughout, and no evidences of 
renal irritation were noted. 

The occurrence of pregnancy was a 
provocative element in this case. Trans- 
fer of fluoride through the placental 
barrier to unborn rats has been dem- 
onstrated.®® Fetal death or damage 
seemed a likely possibility with such 
intense, though transitory, exposure. 
Actually the child was grossly normal 
in all respects. Whether or not its 
subsequent development will reveal 
sUgmata of the toxic exposure remains 
to be seen. 

OccunnENCE. Reported cases of 
fluoride poisoning are predominantly 
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accidental in origin. Crystalline or pow- 
dered sodium fluoride, the commonest 
offender, resembles many common 
kitchen comestibles, and it has been 
mistaken for baking soda^’^®, Epsom 
salts^"’^®, baking powder^-^®’^®, pow- 
dered milk^®, Rochelle salts^-^”, starch^® 
and laxative salts®®. 

Suicides have been reported but are 
not common^’^®’^®’®^'®®’^®’®®. It is inter- 
esting in tliis regard to note that stand- 
ard criminological works ignore fluoiine 
poisoning entii'ely®^’®®. Only 2 recoi'ded 
instances of the use of fluoride with 
malice aforethought have been found, 
one in which an institutional helper 
tried to discredit a cook by a mass poi- 
soning®^ and one where a man poisoned 
two elderly females®’^. That such a le- 
thal poison has been neglected by 
the murderer is doubtless due to its 
relatively recent appearance** and to 
widespread popular acquaintance with 
less effective agents. 

The Lethal Dose of fluoride in hu- 
mans is not easily determined. As Gett- 
ler^^ has pointed out, tlie dose taken 
is often unknown and the amount re- 
jected in vomitus (or diarrhea) may be 
large. The statement^^ tliat the aliquot 
unabsorbed but remaining in tlie in- 
testines is not conti-ibutory to fatality 
is open to question in view of tlie in- 
tense local irritant action discussed 
above. Several instances of deaths re- 
sulting from tlie swallowing of 4 to 5 
gm. of sodium fluoride are avail- 
able^®’^®’^®’®®, and from tliis it is iiifei'red 
that the average adult, if untreated, 
will succumb to tliis dosage. F.B.M. 
I swallowed about 4 ounces of a tliicker- 
; than-ereani suspension of 95% sodium 
' fluoride in water (estimated to have 
been 50 to SO gm.), the largest dosage 
from v4iich a human has been knowm 
to recover. Undoubtedly early vomiting 
ejected much of tin's. 

TiiEnAPy. The theoretical consid- 
erations noted above offer a basis for 

® Tlie first recorded c.asc of fluoride poisoninE dales 
of course, has been common knowledge for at least 


logical therapy which is of utmost im- 
portance in prognosis. The need to 
identify the nature of an offending poi- 
son should always be obvious. In fluor- 
ide poisoning this need is accentuated 
by the high toxicity of fluorides and 
by the availability of specific tlierapy. 
Tragedies have occurred which might 
have been prevented had it been pos- 
sible to identify the offending 
agenU’^®. 

Tlie physician who identifies the 
toxic agent as fluoride must still cope 
witli the problem of tlierapy. Toxicolo- 
gists stress postmortem findings, lethal 
doses and to a lesser extent clinical 
phenomena, but are not usually con- 
cerned witli therapy^^’^®’^®. In 1945, 
Rabinowitz^® in a valuable discussion 
analyzed the information in standard 
toxicology and pharmacology texts and 
found it sadly wanting. The auflior in 
an emergency trip to the library for 
information found in Rabinowitz’s pa- 
per the clue to the tlierapeutic program 
employed for F.B.M. One clinical au- 
thor realized the importance of cal- 
cium therapy 10 years earlier®'*. An 
outstanding therapeutic text mentions 
oral calcium but not intravenous use*'*. 
Textbooks of medicine®-** are similarly 
lacking in pertinent information. One 
pediatrics tex1: notes the tetanic effect 
of fluoride and the necessity for paren- 
teral as well as for oral calcium"*®. 
Thus the clinician in an emergency had 
only one easilj'^-available source of 
sound tlierapeutic advice'*® and tliat an 
exh-emely short note. The following 
general outline of tlierapy is therefore 
offered as one which would seem to 
be tlie most rational and specific life- 
saving program in the light of current 
knowledge of fluoride metabolism. 

1. Act quickl 3 ^ Fluoride may kill in 
a few minutes, and 3 to 4 hours after 
ingestion is the most frequent reported 
lethal interval. 

2. Start intravenous, therapy wnth 

■om 1S99.1 TIic homicidal use of arsenic and mercury, 

ve and a half centuries. 
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glucose in normal saline promptly, both 
to maintain blood sugar in case of 
hepatic glycogen depletion, and to 
have a venous channel available for 
transfusion. Shock may kill despite cal- 
cium““. 

3. Wash the stomach gently with sal- 
ine, or preferably with Hme water, and 
then give lime water at frequent inter- 
vals. 

4. Have calcium available for intra- 
venous administration and watch close- 
ly for signs of tetany. Tetanic death is 
often rapid. 

5. Maintain high urine volume with 
parenteral fluid. 

6. Wash away vomitus, feces and 
urine promptly to prevent external 
bums. 

Summaiy and Conclusions. There 
is presented a case of serious acute 
fluoride poisoning as an illustration of 
the disturbances of metabolism which 
may accompany such poisoning, witli 
suggestions as to die principles of 
therapy supported by experimental data 
and practical experience. 


The wartime introduction of a pow- 
erful fluorine-containing rodenticide, 
sodium monofluoracetate, which has 
since been widely used in civUian ex- 
termination, presents a serious poten- 
tial human hazard. No information re- 
garding tlie effectiveness of the type of 
therapeutic program given above 
has been foun^ but theoretical consid- 
eration would seem to justify its trial 
in the absence of more specific rec- 
ommendations'. 

That such a regimen, coupled with 
careful obseiwation of clinical prog- 
ress, can be of material value, seems 
demonstrated by die recovery of a 
patient who had taken at least 10 
times the reported lethal dosage. 

■“Since the submission of this article for 
pubh'cation the author’s attention has been 
drawn to the article by Flac.t and ScofField. 
who report tliat local infiltration of fluoride 
burns witlt calcium gluconate followed by 
.soaking with Epsom salts is effective in the 
treatment of hydrofluoric acid burns, usually 
difficult lesions to heal (Indnst. Med., 16, 17, 
1947.) The success of this method probably 
also depends on the chemical inactivation of 
fluoride by calcium and magnesium ions.” 
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ONE HUNDRED CASES OF MILIARY AND MENINGEAL 
TUBERCULOSIS TREATED WITH STREPTOMYCIN* •• 

By PAUL A. BUNN, M.D 

MEMBER OF THE VETERANS ADMINISTRATION CENTRAL OFFICE STREPTOMYCIN 

COMMITTEE 

WASHINGTON, D.C. 

(From the Veterans Administration) 


In the 13 months subsequent to 
April, 1946, therapy Avith streptomycin 
was started in 100 cases of acute dis- 
seminated miliary tuberculosis and tu- 
berculous meningitis in 47 Veterans 
Administration hospitals and in 5 ci- 
vilian hospitals which were under con- 
tract with the Administration. The re- 
sults of treatment in these cases are 
tlie subject of tlie present report. No 
case has been e.xcluded from the series 
which has survived more than 24 hours 
following the initiation of tlierapy and 
in which bacteriological proof of the 
diagnosis was established. Thirty-nine 
ol the 40 survivors were followed un- 
til October, 1947. 

The arrangements for this study 
were not difficult. Veterans Adminis- 
tration hospitals were informed that a 
supply of streptomycin could be ob- 
tained for the treatment of miliary and 
meningeal tuberculosis by a telegraphic 
request to the Central Office Strepto- 
mycin Committee. A presumptive 
diagnosis was accepted as a basis for 
initiating and for continuing therapy, 
altliough cases in which it was not sub- 
sequently established were e.xcluded 
from the present series. Progress re- 


ports were submitted to the Strepto- 
mycin Committee by the hospitals at 
fortnightly intervals during treatment 
and after its conclusion. It is from 
tliese reports and from subsequent 
correspondence that the present paper 
has been compiled. 

No dosage regimen was prescribed 
for the treatment of these cases for tlie 
good reason that the Streptomycin 
Committee had no experience on which 
to base a prescription. The daily intra- 
muscular injection of 1.8 gm., and the 
daily intrathecal injection of 0.1 gm., 
was suggested, but the decision in tliis 
matter was left to the individual in- 
vestigator. This has had the happy 
result of permitting a number of regi- 
mens to be explored, although the 
variations are not as wide, perhaps, as 
one could have wished. Nor were the 
ratlier formidable battery of laboratory 
tests required of tlie investigators which 
were prescribed in the treatment of 
other forms of tuberculosis; this, be- 
cause the hazards of the disease so 
outweighed those of the drug that it 
was felt proper to treat cases in all 
hospitals, ei'en in those with momen- 
tarily inadequate laboratories. 


* The data composing this paper derive entirely from c.ase reports contributed generousb’ and 
with care by 87 physicians from the following '47 Veterans Administration Hospitals: Bronx, 
.V.V.; Columbia, S.C.; Louisville, Ky.; Minneapolis, Minn.; Otcen, N.C.; Kecoughfon, Va.; »<>" 
Nuys, Cal.; Aspinwall, Pa.; Excelsior Springs, Mo.; Richmond, Va.; Tucson, Ariz.; Wmipple, 
Ariz.; Bay Pines, Fla.; Castle Point, N.Y.; Cleveland, Ohio; Dayton, Ohio; Hine, 111.; Indian- 
apolis, Ind.; Lake City, Fl.a.; Los Angeles, Cal.; McKinney, Texas; Nashville, Tenn.; San 
Fernando, Cal.; Walla Walla, Wash.; Ale.xandria, La.; Batavia, N.Y.; Danville, 111.; Dearborn, 
Mich.; Fargo. N. Dak.; Fort Bayard, N. Mc.x,; Livermore, Cal.; Marfinsburg, W. ^ a.; 
tain Home, Tenn.; Newington. Conn.; Outvvood, Ky.; Rutland Heights, Mass.; Sampson, 
Topeka, Kan.; Sunmount, N.Y.; Vancoux’cr, Wash.; Wadsworth, Kansas; Washington, D.L.; 
Waukesha, Wis.; W’est Bo.xbuiy, Mass,; M'ichita, Kan,; Wood, Wis.; Phoeni.x\ille, Pa. 

•• Present position: Associate Professor of Medicine, Dep.artment of Medicine. Simcusc 
University, S>Tacuse 10, New York. 
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Clinical Material. All 100 patients were 
adult males (Table 1); 66 were white, 
32 colored, and 2 Indian. Their ages 
ranged from 17 to 64 years. Fifty-three 
were under 30 years of age, 26 were 
between 30 and 39, and 21 were 40 or 
more. 

A pre-existing focus of proven tubercu- 
lous infection, which presumably served 
as the source of the hematogenous dis- 
semination, was present in 92 cases (Table 
2) either in the lung, genito-urinary tract, 
lymph node, or bone and joint. In (he 
remaining 8 cases no such focus was 
recognized. 

All individuals classified as having 
miliary disease had the acute generalized 


disseminated form, characterized by dense 
seeding on the chest roentgenogram, by 
fever, severe toxemia, and usually by 
leukocytosis. The diagnosis was estab- 
lished by the identification of acid-fast 
bacilli either in the sputum during life 
or at autopsy. All patients were seriously 
ill at the time streptomycin was started 
and their clinical condition was deterio- 
rating. Individuals with the chronic type 
of miliary disease (that is, protracted 
hematogenous tuberculosis, characterized 
by a prolonged illness, vague symptoms, 
pulmonary densities of variable size, and 
minimal fever) have been excluded from 
this report. All cases of meningitis had 
abnormal spinal fluid findings, including 


TABLE 1 


Miliary and Meningeal Tuberculosis Treated with Streptomycin; Age and Race 




AGE IN 

YEARS 





RACE 


TYPE OF 
DISEASE 

TOTAL “ 
NUMBER 

17 to 29 

30 to 39 40 & 

over 

White 

Colored Indian 


Living Dead Living Dead Living Dead Living Dead Living Dead Living Dead 

ACUTE 

MILIARY 

22 

9 3 

2 

2 

5 

1 

11 

4 

5 

2 0 

0 

MILIARY 
FOLLOWED BY 
MENINGITIS 

10 

1 4 

2 

2 

0 

1 

3 

4 

0 

3 0 

0 

COMBINED 
MILIARY & 
MENINGITIS 

25 

3 11 

2 

4 

0 

5 

3 

11 

2 

9 0 

0 

MENINGITIS 

43 

11 11 

5 

7 


9 

11 

19 

4 

7 1 

1 

TOTAL 

100 

24 29 

11 

15 

5 

16 

28 

38 

11 

21 ■ 1 

I 




TABLE 2 








Miliary and Meningeal Tuberculosis Treated witli Streptomycin: 
Pre-Existing Active Tuberculous Foci 



TYPE OF NUMBER OF UNRECOGNIZED LUNG 

G.U. LYMPH 

NODE 

BONE & JOINT 

DISEASE 

PATIENTS 

Alive 

Dead 

Alive Dead Ali%'e 

Dead 

Alive 

Dead 

Alive 

Dead 

ACUTE 

MILIARY 

22 

1 ■ 

0 

7 

3 

5 

2 

0 

1 

3 

0 

MILIARY 
FOLLOMTsD BY 
MENINGITIS 

10 

0 

2 

1 

3 

1 

2 

0 

0 

1 

0 

COMBINED 
MILIARY & 
MENINGITIS 

25 

0 

1 

2 

12 

1 

2 

1 

4 

1 

1 

MENINGITIS 

43 

3 

1 

10 

21 

1 

1 

2 

3 

0 

1 

TOTAL 

100 

4 

4 




7 

3 

8 

5 

2 







288 


BUNN: JIILL-lRy AND MENINGEAL TUBERCULOSIS 


the presence of acid-fast bacilli at some 
time before or during treatment, and 
classical clinical evidences of either central 
nervous system infection or meningitis 
or both. 

Miliary Tuberculosis. T’wenty-two 
patients (Tables 3 and 4), with acute 
disseminated miliary tuberculosis, but 
without meningitis, received treatment 
with streptomycin. Sixteen (73%) are 
alive after receiving, with one excep- 
tion, from 116 to 157 days’ continuous 
therapy with streptomycin, and have 
been observed for from 1 to 12 montHs 


cystoscopy in 3 and a spinal fusion in 
1. The remaining 4 patients had othei 
and var>4ng initial complaints. 

The daily dosage of streptomycin 
was quite constant. Thirteen patients 
received 1.8 to 2 gm. streptomycin 
daily. One individual received 3 gm. 
throughout his course. Eight received 
3 or 4 gm. daily for from 7 to 30 days 
at the beginning of treatment, to com- 
bat the acute toxicity of the disease; 
tliereafter the daily dose was reduced 
to L8 gm. for the remainder of the 


TABLE 3 


Acute Miliary and Meningeal Tuberculosis Treated widi Streptomycin: 

Summary 





DEAD 



LIVING 


Type of Disease 

Total 

Following 

Treatment 

Days 

Total 

Following 

Treatment 

Treatiaent 

Terminated 

Total 



1-44 

43-180 


120-190 



Acute Disseminated 
Miliary 

22 

3 

3 

6 

(27%) 

0 

16 

16 

(73%) 

Onset Meningitis 
During or After 
Therapy for 

Miliary 

10 

3 

4 

7 

(707e) 

1 

2 

S 

(30%) 

Combined Miliary 
and Meningitis 

25 

14 

6 

20 

(80%) 

0 

5 

5 

(20%) 

Meningitis 

43 

16 

11 

27 

(63%) 

1 

15 

16 

(37%) 

TOTAL 

100 

36 

24 

60 

(60%) 

2 

38 

40 

(40%) 


thereafter (average, 4.1 months). One 
indi\4dual completed but 67 days’ treat- 
ment and was subsequently lost to the 
study. At the completion of therapy, 
he had active renal tuberculosis, al- 
though his pulmonary' miliary lesions 
were regressing. 

Fever was the first symptom in 14 
of the cases. In 4 patients, surgical 
manipulations, which might have been 
the exciting incident in the hematog- 
enous dissemination, had been per- 
formed from 2 to 9 w'eeks prior to 
tlie institution of therapy: namely. 


treatment period. All streptomycin 
was given intramuscularly in 5 or 6 
divided doses daily. 

The Dead. Six patients died (Table 
4), 4 of whom were receiving strepto- 
mycin at the time of death. 

Three of the 6 had shown impressive 
improvement shortly after strepto- 
mycin was started. Acute toxicity dis- 
appeared in all 3; the miliary lung 
lesions regressed appreciably in 2, and 
were completely resolved at the end 
of 3 months’ treatment in 1. The 
urinary bladder ulcerations in one case, 
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and the laryngeal lesions together with 
pulmonary infiltrations in another, 
cleared remarkably; in the third case 
fever dropped from daily spikes of 
105 degrees to normal in 15 days. In 
spite of continued therapy, however, 
] of the 3 patients relapsed after 45 
days’ treatment and died with actively 
progressive tuberculosis. Death, im- 
minent in die other 2 at the end of 4 
months’ treatment, occurred 3 and 4 
weeks after its termination. 

The autopsy of the patient who had 
received 45 days’ treatment revealed 
many miliary pneumonic foci in the 
lung. The tubercles were atypical in 
the sense that the majority consisted 


of large caseated centers with little or 
no peripheral fibrous reaction; giant 
cells were infrequent. There were only 
a few areas of fibrosis, with contraction 
and minimal distortion of the surround- 
ing alveoli, and there were rare hyaline 
clumps. Stains for acid-fast bacilli 
revealed numerous organisms in all 
areas of caseation. Similar acutely 
caseating tubercles were found in the 
liver, spleen, adrenals, lymph nodes, 
kidneys and pancreas. The majority 
of these also were characterized by an 
absence of fibrosis and by an unusually 
large number of both intra- and extra- 
cellular acid-fast bacilli. 

In contrast to this result, the post- 


TABLE 4 


Acute Generalized Miliary Tuberculosis Treated with Streptomycin* 




Number of Patients (22) 

Living (16) Dead (6) 

DURATION OF ILLNESS PRIOR 

range 

1 to 17 

3 to 11 

TO THERAPY (weeks) 

average 

4.6 

6.0 

DAILY INTRAMUSCULAR DOSE 

range 

1.8 to 4 

1.8 to 4 

OF STREPTOMYCIN (grams) 

average 

2.2 

2.3 

TOTAL TREATMENT (grams) 

range 

136 to 315 

8 to 230 

average 

239 

126 

(weeks) 

range 

9.5 to 22.5 

0.5 to 21 


average 

18 

11 

SURVIVAL FROM ONSET OF ILLNESS 

range 

17 to 56 

0.5 to 22.5 

(weeks) 

average 

38 

16.6 

RESULTS OF TREATMENT 

Clinical: 

Afebrile and asymptomatic 


12 

0 

Improved but continuing symptoms 


4 

0 

Temporary improvement followed by relapse and 
progression 

0 

3 

No effect, or progressive symptoms 


0 

3 

Pulmonary Miliary Lesions: 

Complete regression 

Resolution continuing 


9 

0 


5 

0 

Temporary' improvement followed by relapse 
and progression 

1 

3 

No effect, or worse 


1 

3 

Pre-existing Tuberculous Lesions: 

Arrested 


5 

0 

Improved 


7 

2 

Active and progressi\’e 


3 

4 

NEW LESIONS DEVELOPING DURLNG OR AFTER THERAPY 




1 (epidid>’mitis) 1 (empyema) 


* All patients received only one course of treatment. There have been no clinical or 
roentgenographic relapses in tlie sur\-iving cases following cessation of tlierapy. 
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mortem findings of another patient, 
who had received 120 days’ treatment 
with streptomycin, revealed great num- 
bers of hyaline clumps and fibrotic 
nodules, which presumably represented 
healed remnants of tubercles. There 
were, in this individual, a few mihary 
lesions with caseated centers, but fi- 
brosis was well established aroimd 
each. Active and extensive tubercu- 
losis was found in the lung and there 
was no evidence that streptomycin had 
afEected this old and pre-existing lesion. 

The remaining 3 individuals who 
died had all received streptomycin for 
less than 40 days and none had shown 
any response to treatment although it 
was being continued at the time of 
death. 

The Living. Of the 16 patients still 
living (Table 4), all evidences of the 
acute complication have disappeared 
in 9, including resolution of the pulmo- 
nary miliary lesions, Five others have 
shown marked and continuing roent- 
genographic improvement but resolu- 
tion of the miliary lesions is not yet 
completed. Two of tliese 5 continue to 
have evidences of active tuberculous 
infections in lung and bone. The re- 
maining 2 patients, altlrough improved 
clinically, continue to have evidence 
of actix'e infection and the mihary le- 
sions have shovm httle tendency to 
regress. One of these 2 has recently 
gone into a terminal uremic state, 
presumably due to an irreversible and 
bilateral renal tuberculosis.’-' 

During the 4th month of the post- 
treatment obserx'ation period, one pa- 
tient developed a new lesion in the 
epididymis, a sinus opened and is now 
discharging tubercle bacilh. Despite 
this complication, no new evidences of 
an acute tuberculous dissemination 
have appeared. Re-treatment will be 


instituted if the organisms prove to be 
still sensitive to streptomycin. 

Resolution of the mihary lesions fol- 
lowed a similar pattern in all the pa- 
tients in whom it occurred, the majority 
regressing completely in from 90 to 
140 days. The case history of one 
patient will describe a result charac- 
teristic of the series. 

Case Report. No. 1. Patient T. M., 
Veterans Administration Hospital, Wash- 
'ington, D. C., a 50-year old white male, 
had pulmonary tuberculosis since 1928. 
Between that year and 1946, there was 
slow and gradual roentgenographic pro- 
gression of the process, but it had never 
become incapacitating. He had refused all 
treatment, had been able to work at odd 
jobs and he denied symptoms except cough 
during that period. On September 20, 
1946, there was an abrupt onset of spiking 
fever, headache, and malaise, and at the 
time of hospital admission, 6 days later, 
the patient had become acutely and 
seriously ill. 

Roentgenogram of September 26, 1946, 
showed bilateral, advanced, fibro-calcific 
and cav'emous tuberculosis in both upper 
lung lobes, particularly on the left. A 
diagnosis of mih'ary tuberculosis could not 
be made at that time (Figure la). Early in 
October, however, roentgenograms clearly 
revealed finely disseminated miliary lesions 
throughout both lung fields (Figure lb). 

During the early period of his hos- 
pitalization, the patient’s course was 
stormy, with daily temperature elevations 
to 103 and 104° F., and his physical 
condition deteriorated rapidly. Strepto- 
mycin was started October 8, 1946, 0.5 
gm. intramuscularly every 4 hours (3 gm. 
daily). This dosage was maintained for 
1 week. For the succeeding 113 days he 
received 0.3 gm. every 4 hours (1.8. gm. 
daily). 

Within 10 days following the onset of 
treatment, the patient’s temperature had 
dropped to below 100° F., he had noted 
immediate increase in appetite, and ma- 


* Since the preparation of liiis report, tliis individual has died. DeaA occurred 6 months 
followng the onset of his miliar>' tuberculosis. He received streptomycin for 5 months. Pro- 
gressive pulmonary and renal tuberculosis wth uremia were the direct causes of death. 






Fig. Ic. Roentgenogram 11-25-46 taken 48 days after streptomycin was started. Indi\'idual 
pulmonary seedings are more punctate although there probably has been no resolution. 



Fig. Id. Roentgenogram 1-15-47 t.ikcn after 98 d.ays of treatment shows marked improve- 
ment with resolution of the majority of miliary tubercles and a diminution in size of those 
remaining. 

( 202 ) 





J 

Fig. le. Roentgenogram 2-3-47 at the end of 120 days treatment. Resolution has continued 
so that miliary lesions are difficult to identify. 



Fig. If. Roentgenogram 9-10-47, one year after admission to hospital and seven months 
after cessation of therapy. Miliary^ lesions remain h.ealed. Pre-existing tuberculous disease in 
right lung has resolved markedly, but there remains an advanced fibro-calcific and cavernous 
lesion in the left. Patient has been ambulatory' since end of therapy. 


( 293 ) 
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laise had disappeared. Within 7 weelcs 
of the onset of treatment, his temperature 
had returned to normal, he had gained 6 
pounds in weight and had become asymp- 
tomatic except for a hacking cough. At 
the end of 2 months’ therapy the patient 
could not be kept in bed, and at the end 
of 4 months he could not be kept in the 
hospital. At the time streptomycin was 
discontinued, February 8, 1947, the pa- 
tient had gained about 20 pounds and felt 
well; his cough was still productive of 15 
cc. muco-purulent sputum daily. 

Roentgenograms taken during October 
and early November showed no improve- 
ment. The film of November 25, 1946, 
(Figure Ic), however, revealed the punc- 
tate miliary infiltrations to have become 
more distinct. During December and 
January, there was a gradual reduction in 
the dimensions of each seeding and a 
diminution in their numbers, but the 
changes were not marked (Figure Id). 
After the middle of January (3 months 
of therapy), the progress of the resolution 
became more rapid and by the end of the 
treatment period only sparsely scattered 
opacities could be seen (Figure le). Seven 
months later there had been no further 
change (Figure If). In the period of 
therapy and thereafter, the original pulmo- 
nary lesions had shown gradual clearing, 
although an advanced cavitary lesion re- 
mains in the left upper lobe. 

Positive sputum smears were obtained 
throughout the course of therapy but 
whereas many organisms were seen in 
each microscopic field earb’’ in the course 
of therapy, later specimens had to be 
concentrated to find a few'. The speci- 
men obtained before streptomycin rvas 
administered contained organisms sensi- 
tive to 0.3 microgram streptomycin per 
cc. Those found after 90 days’ exposure 
were resistant to 500 micrograms. A 
.single specimen taken 3 months after 
the termination of therapy contained 
similarly resistant organisms. 

After 2 months of treatment, audio- 
metric e.xamination disclosed a loss of 
hearing in the high tones, more marked 
in the left ear. At the end of treatment, 
there had been a further slight increase 
in this hearing loss. Seven montlis later. 


in September 1947, there had been but 
minimal return of hearing in the high 
tones. Hearing in the conversational range 
had never been affected. 

Throughout the course of treatment the 
patient neither complained of labyrinthine 
sj'mptoms, nor were the results of the 
caloric test abnormal. Not until June, 
1947, 41^ months after the cessation of 
therapy, was there a delayed response 
to caloric stimulation, nystagmus being 
only noted 90 to 145 seconds following 
stimulation of the middle ear with cold 
water. This finding has persisted. At 
the present time the patient is able to 
w'aik in a straight line W'ith his eyes open, 
although somewhat slowly and hesitantly. 
His muscle tone is good, Romberg test 
is normal, and no other abnormalities are 
noted. He cannot walk in the dark, 
however, has fallen down steps hvice, 
and has difficulty in focusing his eyes 
when he is moving about. 

In summary, this 50-year old white male 
with long standing active and slowly 
progressive pulmonary tuberculosis recov- 
ered in a striking manner from an acute 
generalized miliary tuberculosis and is 
apparently cured of that complication i 
months after the cessation of streptomycin. 
Complete loss of vestibular function and 
minimal hearing loss are permanent resid- 
uals of that therapy. The miliary lesions 
w'ere somewhat slower in resolving than 
is the case wdth most, but the process w'as 
completed within 140 days after the start 
of specific therapy. 

Summary of Results in Miliary Tu* 
berculosis (Tables 3 and 4). Twenty 
two indiwduals, all witli clinical and 
roentgenographic ewdences of acute 
miliary tuberculosis, but not meningitis, 
received streptomycin tlierapy. Three 
died during therapy without showing 
any response to treatment. Three 
otliers who had had an impressive 
clinical and roentgenographic response 
early in the course of therapy, relapsed 
while it was continued, or within 4 
weeks of its cessation, and died. Six- 
teen patients are still alive. One is in 
the terminal stages of tuberculosis 
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(pulmonary and renal) and another has 
not shown significant improvement. 
The roentgenographs of 9 individuals 
have shown complete resolution, and 
marked reduction in size and number 
of the seedings has taken place in the 
remaining 5 patients. The associated 
foci, originally present in 15 of the 16 
survivors, have shown regression in 
7, as measured by laboratory or roent- 
genographic procedures, and in 5 
others they have become arrested. In 
the remaining 3, the lesions have con- 


tinued to be active and are apparently 
progressing. A new lesion (epididymi- 
tis) developed in one patient 4 months 
after therapy had been discontinued. 

Miliary Tuberculosis Followed By 
Meningitis During or After Therapy 
With Streptomycin. Tables 3 and 5 
summarize the results of treatment in 
10 patients who were treated for mili- 
ary tuberculosis but who, during or 
after that therapy, developed men- 
ingitis. 


TABLE 5 


Acute Miliary Tuberculosis Followed by Meningitis during or after Treatment with Streptomycin 




Number of Patients 



Living (3) 

Dead (7) 

DURATION MILIARY PRIOR TO TREATMENT 

range 

1 to 12 

3 to 8 

(weeks) 

average 

5.2 

5.3 

DAILY INTRAMUSCULAR DOSE OF STREPTOMYCIN 

range 

1.8 to 4 

1.8 to 4.5 

(grams) 

average 

2.6 

2,7 

SINGLE INTRATHECAL DOSE OF STREPTOMYCIN 




(grams) 


0.1 

0.02 to 0.2» 

TOTAL TREATMENT (includes second courses in four patients) 



Intramuscular: (grams) 

range 

315 to 520 

60 to 322 

(weeks) 

average 

462 

212 

range 

24 to 38 

5 to 28 


average 

30.1 

15.3 

Intrathecal: (grams) 

range 

7.6 to 12 

0.5 to 13.5* 


average 

.9.9 

5.9 

(number of injections) 

range 

71 to 135 

5 to 125 


average 

99 

49 

SURVIVAL FROM ONSET OF MILIARY (weeks) 

range 

average 

88 to 52 
46 

5 to 36 
.17.3 

ONSET MENIiNGITIS 




Under Treatment (3 to 8 weeks) 


1 

5 

Following Cessation of Treatment (3 to 14 weeks)*^* 


2 

2 

RESULTS OF TREATMENT 




Clinical: 




Asymptomatic 


1 

0 

Temporary remission followed by relapse 


2* 

5 

No effect 

Pulmonary Miliary Lesions: 


0 

2 

Complete regression 

Resolution continuing 


3 

4 


0 

1 

Temporary regression during treatment followed by progression 

0 

1 

No effect 

Pre-existing Tuberculous Foci: 


0 

1 

Arrested 


1 

0 

Improved 


1 

2 

No ch.angc, or worse 


1 

3 


* One patient received no streptomycin intratliecally. 

•* First courses of treatment in tliese four were from 90 to 195 days. 
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Seven of the 10 patients have died, and roentgenographic evidence of the 
another is in the terminal stages of pulmonary dissemination regressed in 
meningeal tuberculosis* and the 9th all 8 and disappeared altogether in 3 
patient has far advanced progressive of them. The other 2 patients did not 
pulmonary tuberculosis, in addition to respond either clinically or roentgeno- 
severe residual brain damage caused graphically. 

by the meningitis and encephaHtis. He Clinical meningitis became obvious 
has, however, recovered from evi- in from 3 to 8 weeks after the institu- 
dences of central nervous system iniec- tion of treatment in the 6 patients in 
tion. Only one patient is entirely free whom it developed while therapy was 
of signs and symptoms of infection. being continued for the miliary dis- 

Prior to the development of men- ease. In 5 of these, intrathecal strepto- 
ingitis, streptomycin was administered mycin was added to the regimen; in 
only by the intramuscular route, in 5 the 6th, no intrathecal streptomycin 
or 6 doses each day. Six of the 10 was used. In contrast to the striking 
patients received 1.8 to 2 gm. daily response to treatment of their miliary 
throughout the course of therapy, disease, improvement in signs and 
Three others received 3 or 4 gm. d^y symptoms of the central nervous sys- 
for 10 to 30 days at the outset and tern infection did not occur in any of 
then 2 gm. a day for the remainder of these 6 patients. Five of them died 
their course. One patient received 3 and, although the 6th is still alive, he 
to 4.5 gm. daily throughout the dma- has had irreparable brain damage and 
tion of treatment. is not likely to survive. 

Although seeding in the central Four patients developed meningitis 
nervous system may well have occurred after their treatment for miliary tuber- 
at the time the original massive dis- culosis had been completed. The mili- 
semination took place, there was no ary lesions of all 4 had disappeared, 
clinical evidence of meningitis when the patients were asymptomatic, and 3 
therapy for the mih'ary lesions was were being rehabilitated at the time the 
undertaken. Lumbar punctures re- central nervous system infection devel- 
vealed normal spinal fluid in 3 patients oped. This took place abruptly, and 
early in the course of their treatment, without other evidence of a fresh dis- 
There is no evidence, in these instances, semination, 3, 4, 10, and 14 weeks after 
that the procedure affected the sub- the administration of streptomycin bad 
sequent development of meningitis. been stopped. Clinical response to a 

Although, on the face of it, the end renewal of streptomycin therapy was 
results of streptomycin therapy in this negh'gible in 3 instances, 2 patients 
series represent at least 90% failure, djdng, and a 3rd being barely alive 
tliey were, until the time when signs 12 weeks after it was recommenced, 
and symptoms of meningitis developed. Pathological studies on patients in 
quite as favorable as those in the pre- whom death was delayed and in whom 
ceding series. Eight of the 10 patients there had been roentgenographic im- 
shoxved marked clinical improvement provement in the pulmonary lesions 
witliin 30 days of im'tiating treatment during life showed definite effects of 

* This individual died in No\'cmber, 1947, 10 months after dio onset of his wiliary tvhcr- 
culosis and 8.3 months after the onset of meningitis. He received 5.3 months of continuous 
therapy. 

• Cross and microscopic sections of tissues from this patient were reviewed for ns by Drs. 
Webb HaiTnaker, Army Institute of Pathology, Emil Bogen, Olive View, California, and Max 
Pinner, Berkeley, California {Page 297, line 1). 
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streptomycin therapy. In one patient*, 
for example, neither tubercles nor giant 
cells were seen in the lung. There 
were areas which consisted of mononu- 
clear cells, lymphocytes, large epithelial 
cells and fibroblasts, but the arrange- 
ment of these did not suggest tubercu- 
lous lesions. There were, in addition, 
many areas of hyalinization with sur- 
rounding collections of collagenous tis- 
sue and these were infiltrated with 
small round cells, probably lympho- 
cytes. The morphology of these dif- 
fered from spontaneously healed tuber- 
cles because of the absence of definite 
encapsulation. These lesions have 
been described previously by Baggens- 
toss et al^ and probably represent ad- 
vanced if not complete healing of tu- 
bercles following the effective use of 
streptomycin. Areas similar to this 
were found in liver, spleen and tracheo- 
bronchial lymph nodes. 

Evidences of active tuberculosis 
were, however, found in the brain and 
kidney of this individual. In the kid- 
ney, there were large caseating tu- 
bercles with some conglomeration, an 
absence of fibrosis and fibroblasts and 
minimal numbers of giant cells. In 
each of these areas tliere were great 
numbers of acid-fast bacilli. In the 
brain, cerebral and arachnoid abscesses 
were seen, altliough the evidence for 
these being tuberculous was not con- 
clusive. In addition to tliem, however, 
there were an adhesive arachnoiditis, 
internal hydrocephalus and meningitis. 
The meningeal lesions were charac- 
terized by an absence of fibrosis and 
giant cells. There was marked endo- 
tlielial proliferation of all vessels in 
the involved leptomeninges and exten- 
sive caseation, particularly in die pia. 
Caseo-necrosis was also obseiA'ed wth- 
in the brain substance adjacent to a 
large flat abscess o\-er the base of the 
brain. 


Summary of Results in Miliary Tu- 
berculosis Followed by Meningitis. 
Ten individuals, originally treated for 
miliary tuberculosis viith intramuscular- 
ly administered streptomycin, devel- 
oped meningitis (Tables 3 and 5). In 
6, the central nervous system complica- 
tion became apparent 3 to 8 weeks 
after the start of streptomycin treat- 
ment and while it was being continued. 
Five of these patients died, the ad- 
ministration of streptomycin being 
without apparent effect upon the men- 
ingitis. One patient survives but has 
had irreparable brain damage, is deaf, 
and has terminal tuberculosis else- 
where, Four patients developed tu- 
berculous meningitis 3 to 14 weeks 
after the cessation of treatment for the 
miliary lesions. The onset of men- 
ingitis, although abrupt in all, was not 
associated with manifest generalized 
re-dissemination of tubercle bacilli. 
Two of these patients died within 8 
weeks, the reinstitution of streptomycin 
therapy proving ineffective. A third 
continues to vegetate after 100 days’ 
treatment in the second course and is 
not likely to survive. Only one patient, 
the 4th, survives and is apparently in 
complete remission from both miliary 
and meningeal tuberculosis, albeit his 
spinal fluid is still abnormal in respect 
to cell count and protein concentration. 

In contradistinction to the ineffec- 
tiveness of streptomycin upon the me- 
ningeal lesions, the miliary lesions in 8 
of the 10 patients resolved markedly or 
completely during therapy and, prior 
to the development of meningitis, all 
of them had shown marked ch'nical 
improvement. This contrast should be 
susceptible of explanation. The most 
rational suggestion is that the tubercle 
bacilli, initially sensitive to strepto- 
mycin and thereby allowing the host 
to heal the pulmonary seedings, had 
become resistant to the drug at the 
time the meningeal process developed 
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and the progression of this process to 
a fatal termination was a consequence 
of this resistance. That such a resist- 
ance, as judged by in vitro determina- 
tions, develops in approximately 25% 
of patients treated wth streptomycin 
for 60 days and in approximately two- 
thirds of patients treated for 120 days 
is common knowledge®. And it is 
consistent \vith this suggestion that the 
only 2 patients of this group upon 


whom determinations were made had 
organisms which were resistant to 1000 
meg. of streptomycin per cc. at the time 
meningitis developed. Both patients 
died. The suggestion, however, re- 
mains a suggestion. 

Experience with this group indicates 
that the development of meningitis is 
the most serious complication of miliary 
tuberculosis and emphasizes the im- 
portance of routine spinal fluid ex- 


TABLE 6 


Combined Miliary and Meningeal Tuberculosis Treated with Streptomycin 


Number of Patients 
Living (5) Dead (20) 

DURATION OF COMBINED DISEASE PRIOR 

TO TREATMENT (yveeks) 

range 

average 

1 to 4.5 0.2 to 8.5 

3.1 2.2 

DAILY INTRAMUSCULAR DOSE OF 
STREPTOMYCIN (grams) 

range 

average 

1.8 to 4 1.8 to 4 

2.3 2.2 

SINGLE INTRATHECAL DOSE OF 
STREPTOMYCIN (grams) 


0.01 to 0.1 0.02 to 0.2* 

TOTAL TREATMENT 

Intramuscular (grams) 

(yveeks) 

Intrathecal (grams) 

(number of injections) 

range 

average 

range 

average 

range 

average 

range 

average 

189 to 490 4.1 to 253 
320.6 120.1 

12 to 30 0.3 to 18.1 
22.2 8.6 

1.6 to 15.1 0.125 to 8 
9.4 3.4 

22 to 140 6 to no* 
91 62 

SURVIVAL FROM ONSET OF COMBINED 
DISEASE (yveeks) 

range 

average 

25.7 to 77.1 0.3 to 21.4 
31.7 9.3 


RESULTS OF TREAT^NfENT 
Clinical: 

Asymptomatic at termination of first course of treatment 
Temporary’ remission during treatment followed by relapse 
No effect 

Pulmonary’ Miliary’ Lesions: 

Complete regression 
Resolution continuing 

Temporal^’ regression during treatment followed by progression 
No effect 

Pre-existing Tuberculous Foci: 

Arrested 

■ Improved 
No change 

Relapses folloyving cessation of therapy 

Time of appearance after cessation (weeks) 

■ Duration first course of treatment (yveeks) 

* Two patients did not receive streptomycin by the intrathecal route. r , , 

*• litjtli iiave active meningeal tuberculosis after completing a second course of treatment 

of from S to ■} months. , , 

*•* .^1! relapses yvcrc meningeal. Reappearance of pulmonary nulinry' lesions w.is noi 

observed. 


0 

5*** 

15 


4 

0 

4 

12 


1 

3 

1 

2 ** 

6 and 7 
12 and 16 


0 

4 

16 

0 

0 

0 
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amination so that this complication may 
be diagnosed and the intrathecal ad- 
ministration of streptomycin be started, 
as early as possible. 

Combined Miliary and Meningeal 
Tuberculosis. In contradistinction to 
the previous group, this series of 25 
patients (Tables 3 and 6) had evidences 
of botli acute miliary tuberculosis and 
tuberculous meningitis at the time ther- 
apy was instituted and treatment was 
directed toward both complications 
from its inception. 

Twenty of the 25 patients died, 14 
(56%) within the first 6 weeks (average 
survival from onset of illness 8 weeks), 
and 6 after surviving for more than 
2 months (average 15 weeks). Five 
are still hving, with an average smvival 
of 7.4 months since therapy was started. 

Nine patients received 1.8 to 2 gm. 
sheptomycin daily for 120 days, 10 
others received 3 to 4 gm. for from 14 
to 90 days, before tire daily dose was 
reduced to 2 gm., and 6 patients re- 
ceived 2.4 to 3 gm. throughout the 
course of treatment. Twenty-two of 
the 25 patients received from 0.02 to 
0.2 gm. streptomycin intrathecally 
daily or every otlrer day, at least dur- 
ing tire first montlr of therapy or until 
death supervened. 

Tlrree patients received eitlrer in- 
adequate intraspinal tlrerapy or none, 
and all died. The demise of one oc- 
curred after 7 days’ intramuscular tlier- 
apy. The diagnosis of meningitis in 
another was never confirmed until late 
in tire course of tlrerapy and 6 intra- 
thecal injections did not alter tire pro- 
gressive course of tire combined dis- 
ease. The 3rd patient did not receive 
streptomycin intratlrecally because tire 
necessity for its administration by this 
route was not appreciated at the time 
of his illness. His combined disease 


cipiency and intramuscular therapy 
promptly instituted. The meningeal 
disease improved markedly for 90 days 
despite the omission of intrathecal 
medication but he never became com- 
pletely free of evidences of central 
nervous system infection. His senso- 
rium cleared considerably with therapy, 
his hyperrrritability and occasional de- 
lusions were partially relieved, and the 
spinal fluid cell count, never greater 
than 90 cells, was reduced to 20 on 
one occasion. The explanation for 
this improvement may rest witli tire 
observation that spinal fluid concentra- 
tions of streptomycin of tire order of 
4 to 10 micrograms per cc. were assay- 
ed periodically during his ti'eatment 
course. During the 4tlr, and last, 
month of treatment with streptomycin, 
however, neurologic disorders became 
more manifest and mental deteriora- 
tion occurred. At autopsy tire gross 
and microscopic findings from tire tis- 
sues of this individual-" were typical, 
in general, of tlrose in the otlrer 12 
patients who died after receiving ap- 
preciable amounts of streptomycin. 
Within the lung, tlrere were only oc- 
casional foci of caseation necrosis. 
Some of these had central calcification 
with dense fibrous capsules and a few 
Langhans giant cells. Considering the 
tjqrical dense miliary seedings which 
were seen by roentgenograph during 
life, these observations were quite re- 
markable for a majority of the hematog- 
enous lesions had apparently either 
disappeared or been completely healed. 
Elsewhere ewdences of active tubercu- 
losis of the miliary type were promi- 
nent. Caseous foci witli minimal fi- 
brous reaction were found in tlie kid- 
neys, prostate, liver, spleen and tracheo- 
bronchial and abdominal lymph nodes. 
Within tlie tliorax itself all medias- 
tinal glands were caseous structureless 


had been diagnosed early in its in- 

* Details of tills case \\-ilI be the subject of a future report from the Veterans Administrate 
Hosjutal. Van Nuys. California. 
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masses. In none of the lesions outside 
the lungs was there any evidence of 
healing, or of a specific streptomycin 
effect. Active tuberculous meningitis 
and encephalitis were present, as were 
adhesive arachnoiditis and internal 
hydrocephalus. The leptomeninges 
were covered with a pale green-grey 
fibrinous exudate, particularly at the 
base of the brain. 

Streptomycin did not produce any 
beneficial effect in any of the 14 pa- 
tients who died within 6 weeks of be- 
ginning treatment nor in 1 who died 
after receiving 9 weeks’ treatment. In 
general, at the start of treatment, these 
patients were in terminal stages of 
pulmonary tuberculosis and, although 
the duration of the acute complication 
was relatively short in a majorit)', strep- 
tomycin could scarcely have been ex- 
pected to alter the rapidly fulnunating 
nature of the infection. In all, the 
course was one of progressive deteriora- 
tion without true improvement in 
either signs or symptoms. The sensi- 
ti\4ty of the organisms to streptomycin 
was not determined. 

The meningeal signs and symptoms 
in 5 patients who received more than 
6 weeks’ treatment with streptomycin, 
were allev'iated markedlj' during the 
first weeks of therapy, but in none were 
the improvements maintained, and in 
none was there a complete recovery 
from all evidences of neurologic dis- 
ease. The pulmonary miliar>’ lesions of 
healed tubercles described by Bag- 
genstoss' and McDermott® were found 
at autopsy in 4 cases. The pulmonary 
miliary lesions in tlic 5th cleared by 
roentgenogram after 60 days’ therapy 
but thereafter a relapse occurred and at 
autopsy, no evidences of healing, old 
oi new, could be found amongst the 
m>Tiads of necrotizing tubercles. 

Five patients in this series of 25 
sur\’ive. Tlie best, but not atypical, 
response to treatment occurred in a 


patient treated at the Veterans Admin- 
istration Hospital, Van Nuys, California. 

Case 2. This 36-year old wliite male 
was admitted to the hospital July 31, 1946. 
He gave a history of weakness, fever, 
chest pain, and cough, for 2 months. 
A diagnosis of pulmonary tuberculosis 
was made and the patient was placed upon 
a rest regimen. His sputum was positive. 
E.xcept for 2 periods of fever in Septem- 
ber, and again in November and Decem- 
ber, 1946, he was more or less asjTupto- 
matic until February, 1947. 

During that month tlie patient noted 
cephalalgia and aching in tlie muscles of 
both legs. Thereafter he became febrile, 
listless, and lost his appetite. Roentgeno- 
gram on the first day of fever showed a dif- 
fuse miliary spread throughout all lung 
fields and a lumbar puncture 2 days later 
revealed the spinal fluid under pressure of 
215 mm. of water and witli 46 cells 
( 445 b neutrophils). Acid-fast bacilli were 
seen on smear. Streptomycin was started, 
1.8 gm. intramuscularly and 0.1 gm. intra- 
thecally 3 days after the onset of fever. 

Within one week, daily temperatures, 
which had spiked to 101.5° F., dropped 
to normal and remained normal thereafter 
e.xcept for isolated and temporary eleva- 
tions. Headache, stiff neck and listless- 
ness disappeared within 6 weeks. Intra- 
spinal therapy was discontinued after tlie 
44th day of treatment because of an 
episode of disorientation and irrationalit)' 
which was thought to be related to tlie 
injection of streptomycin. Following this, 
his course again became one of continued 
improvement. Intramuscular therapy was 
stopped after 115 days because of a 
questionable renal damage although sub- 
sequently tliis could not be proved. 

For the first 4 weeks of therapy tlierc 
were not discernible changes in the pulmo- 
nar>' roentgenograms. During the ofb 
week, the miliary infiltrations throughout 
both lungs became more discrete, less 
dense, and there was considerable clearing 
of the chronic pulmonar>' process in the 
left upper lobe. After 2 full months of 
therapy, tlie lesions liad regressed almost 
to the point of complete clearing. iMicn 
treatment was stopped, the miliar>' lesions 
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could be only vaguely seen. The chronic 
pulmonary process, following an initial 
improvement, remained unchanged after 
the second month. 

Minimal, bilateral hearing loss (6 
decibels) occurred early in the course of 
treatment but did not progress. Two 
months following cessation of strepto- 
mycin, no loss could be detected in the 
left ear and only a loss of 4 decibels in 
the right. 

During the period of intrathecal thera- 
py, spinal fluid cell counts remained above 
50 cells and the protein above 100 
mg. per 100 cc. The sugar was nor- 
mal throughout. Following cessation 
of intraspinal dierapy, the cell count 
gradually returned to more normal levels 
and at the end of treatment was 12 
cells, all lymphocytes. The protein, on 
the other hand, did not fall below 60 
n)g. per 100 cc. until 2 months after 
cessation of therapy. At the present time, 
the cell count is 12, sugar 90 mg., total 
proteins 58 mg., and the fluid is under 
normal pressure. Acid-fast bacilli were 
found in 3 specimens, taken prior to and 
shortly after the start of therapy. After 
the 2nd week of treatment, it remained 
sterile by smear and culture. 

At the present time, 3 months after 
cessation of treatment, the patient is still 
confined to bed because of continued 
activity of his pulmonary tuberculosis. He 
has no fever, raises small amounts of 
muco-purulent sputum daily, has a fair 
appetite and his weight, after gaining 15 
pounds during therapy, is now stationary. 
He has mild occipital headaches but they 
occur infrequently; otherwise tliere are 
no abnormal signs or symiptoms of ner\'ous 
system disease. 

Evidences of active infection in the 
central nervous system disappeared 
similarly in 2 other of the 5 patients 
who have survived. The neurological 
signs improved, tlie mental disturb- 
ances were promptly relieved, and the 
spinal fluids became sterile. Defer- 
vescence occurred by rapid lysis in 
from 7 to 14 days. The spinal fluid 
constituents failed to become entirely 
normal in the sense diat cell counts 


remained above 60 and protein con- 
centrations above 100 mg. per 100 cc. 
There was no apparent tendency for 
these values to become less during the 
period of therapy. The impressive de- 
gree of improvement in these 2 patients 
was not, however, maintained and, 6 
and 7 weeks, respectively, after tlie 
conclusion of the 1st course of treat- 
ment, signs of meningeal infection re- 
curred. Although organisms could not, 
on this occasion, be demonstrated in 
die spinal fluids, streptomycin dierapy 
was reinstituted and continued for 90 
and 120 days. In one patient, this 
second course of treatment was with- 
out effect; he continues to be febrile 
with grossly abnormal spinal fluid; he 
is semi-stuporous and has developed 
evidence of increased intracranial pres- 
sure. The other patient was relieved 
of the signs and symptoms of acute 
meningitis by the second course of 
treatment but he became mentally slug- 
gish and incontinent of urine and feces. 

In die other 2 surviving patients, 
the accessory evidences of infection, 
(diat is, leukocytosis, fever, and gener- 
al appearance of acute toxicity), disap- 
peared similarly but the end results 
were unsatisfactory. In one, the state 
of profound coma failed to dimmish, 
neurological signs which included 2nd 
and 6di cranial nerve palsies were un- 
altered and, during the treatment peri- 
od, he developed additional evidence 
of severe brain damage. At the end of 
6 mondis’ treatment, he was free of 
infection in die central nervous system 
but was decerebrate and, for a great 
part of the time, remained semi-stupor- 
ous. He has continued in this state 
for die 3 months which have intervened 
since cessation of therapy. The 5th 
patient had a better response to treat- 
ment in die sense diat signs of active 
tuberculosis in die central nervous sys- 
tem were reduced, but he was left with 
a residual 4th cranial nerve palsy and 
some indications of irreversible brain 
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damage. He has progressing and ad- 
vanced pulmonary tuberculosis which 
was affected httle if at all by the strep- 
tomycin. 

Summary of Combined Miliary and 
Meningeal Tuberculosis. Twenty-five 
patients with acute mihary tuberculosis 
and tuberculous meningitis have been 
treated with streptomycin (Tables 3 and 
6). Fourteen patients died within 6 
weeks of the onset of treatment without 
streptomycin having exerted any de- 
monstrable effect upon their clinical 
course or upon tiie patliology of tlieir 
lesions. This high percentage of early 
deaths (56%) cannot logically be at- 
tributed to die development of a re- 
sistance to streptomycin in these cases 
and all that one can say is that the 
infection was so overpowering and 
widespread as to make the drug use- 
less. Veterans Administration hospitals 
are, at the moment, exploring the effects 
of larger doses of streptomycin and of 
combined streptomycin-promin therapy 
on this type of case. 

Six of tlie remaining 11 patients have 
died. In 1 of these, streptomycin was 
without benefit. A marked clinical im- 
provement occurred in the other 5 but 
it was not maintained despite continued 
treatment and death in all 6 occurred 
6 to 20 weeks after the start of therapy. 
Fi\’e are still living, of whom 2 have 
recently completed a 2nd course of 
therapy required by a recurrence of 
their meningitis; tliese 2 and 2 other 
patients treated continuously for 6 
months are all doing badly. Only 1 
patient of the 25 can be considered a 
therapeutic success. 

Although the end results of strepto- 
mycin therapy in this group are, thus, 
very unsatisfactory, its ability to affect 
the tuberculous lesion has again been 
demonstrated. The lives of 10 patients 
were indubitably prolonged by strep- 
tomycin and in S of these the pulmo- 
nary dissemination, visualized by roent- 
uenoaram. cleared entirely. Tlie pre- 


existing sources of the dissemination 
were improved in 7 cases and arrested 
in 1. As was the case with the group 
described prewous to this, the presence 
of meningitis in addition to pudmonary 
dissemination appears to be responsible 
for the high mortahty rate. 

It will be observed from Table 6 
that no patient receiving less than 189 
gm. streptomycin intramuscularly or 
less than 22 intrathecal injections of the 
drug has survived. 

Meningitis. The most spectacular 
and decisive effect which streptomycin 
exerts upon tlie course of human tu- 
berculosis is amply demonstrated by 
the results which have been obtained 
in the treatment of tuberculous men- 
ingitis'’®’®’®. Never before in the history 
of tuberculosis has any agent been 
able to lower the mortality rate ap- 
preciably below 100%. In Ae present 
series (Tables 3 and 7), 43 patients with 
proved tuberculous meningitis have 
been treated with streptomycin. 
Twenty-seven (63%) have died, 16 
(37%) of them widiin 6 weeks of the 
start of treatment. Si.xteen patients 
(37%) are alive 4 to 14 months after 
tire institution of therapy. 

The diagnosis in all cases was made 
by clinical evidences of meningeal ir- 
ritation and tlie finding of morphologi- 
cally characteristic bacilli in spinal fluid. 
The organisms were found by direct 
smear of the spinal fluid pellicle, by 
culture or guinea pig inoculation, at 
autopsy, or by all 3 methods. All 
patients were treated by both intra- 
muscular and intrathecal routes. 

The Dead. Of the 16 patients who 
died within 6 weeks of the institution 
of therapy, in none was there an ap- 
preciable response to treatment and in 
none was the .spinal fluid sterile at the 
time of death. Many of them were 
temporarily relieved of headache and 
some recovered, also temporarily, from 
the coma which was initially present. 
Fever, ranging from 100 to 103° F„ wa.s 
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present in all 16 patients prior to treat- 
ment. It was dramatically lowered in 
8, and to a lesser degree in the others. 
In none, however, was the clinical im- 
provement maintained for longer than 
2 weeks and in none did neurologic 
signs disappear after treatment was 
smarted. 

Autopsies were performed on 8 of 
these 16 patients. Gross and micro- 
scopic findings demonstrated no effect 
of streptomycin upon the tuberculous 
pathology. 


An additional 11 of the 43 patients, 
although dying eventually, survived for 
periods longer than 6 weeks. Nine died 
during a first course of therapy, after 
they had received streptomycin for an 
average of 3.3 months; die other 2 died 
10 and 16 montlis after the commence- 
ment of treatment. Tliere can be no 
question but that tlie use of strepto- 
mycin prolonged the life of these 11 
patients. Nor is there any question 
about the prompt and striking ameliora- 
tion of signs and symptoms which oc- 


TABLE 7 


Tuberculous Meningitis Treated with Streptomycin 


Number of Patients 
Living (16) Dead (27) 

DURATION MENINGITIS PRIOR TO 

range 

0.5 to 8.5 

0.3 to 8.4 

TREATMENT (weeks) 

average 

2.9 

2.3 

DAILY INTRAMUSCULAR DOSE OF 

range 

0.6 to 3.0 

1.2 to 4 . 

STREPTOMYCIN (grams) 

average 

1.9 

2.4 

SINGLE INTRATHECAL DOSE OF 




STREPTOMYCIN (grams) 


0.02 to 0.2* 

0.1 to 0.2 

TOTAL TREATMENT 




Intramuscular (grams) 

range 

155 to 375 

3 to 390** 


average 

268.6 

138.8 

(weeks) 

range 

11 to 25.3 

0.3 to 26** 


average 

18.9 

10.5 

Intrathecal (grams) 

range 

3.5 to 15.4 

0.15 to 12.5** 


average 

10.3 

4.1 

(number of injections) 

range 

45 to 150 

2 to 125** 


average 

90 

37 

SURVIVAL FROM ONSET OF DISEASE 

range 

17.1 to 56 

2 to 42.1** 

(weeks) 

average 

43.8 

16.5 

RESULTS OF TREATMENT 




Clinical-. 




Asymptomatic at termination first course of therapy 

10 

0 

Temporary' remission followed by relapse during first 

course of therapy 4 

15 

No effect 


2 

12 

Pre-existing Tuberculous Lesions: 




Arrested 


3 

1 

Improved 


7 

5 

No change 


5 

20 

RELAPSE FOLLOWING FIRST COURSE OF TREATMENT (2 patients, 5 relapses). 

Onset of relapse after cessation of therapy (weeks); range— 2 to 

13 


Duration first course of streptomycin (weeks) 

8 and 10 


Duration second course of therapv (weeks) 

21 and 21 


Duration third course of therapy (weeks) 

5 and 0.5 (fatal) 


Duration fourth course of therapy (weeks) 

11.5 (fatal) 



* One patient received 0.5 gm. streptomycin intrathecally on 2 occasions. 

** Excludes patient wlio surx-ived 16 months, who received more tlian 600 gm. streptomycin 
in 3 courses during that period, and who was given 288 intrat]iec.al injections of 0.1 gm. 
streptomycin. For the greater part of his treatment the patient received 2.0 gm. streptomycin 
intramuscularly daily. 
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curred early in the course of treatment. 
To take a single dramatic example, 3 
of the 11, who were in coma and ap- 
parently moribund at tlie time treat- 
ment was started, became afebrile and 
quite rational %vithin 2 weeks. Relief 
of attendant symptoms also occiurred 
in a number of these patients. Six had 
moderate to marked relief of dis- 
tressing neurologic symptoms within 
7 to 12 days following the institution 
of therapy, and this relief was main- 
tained for an average of 60 days. Two 
of these 6 had, in addition, a reduction 
in symptoms due to associated tuber- 
culous foci. In one, laryngeal lesions 
and advanced pulmonary tuberculosis 
had made the patient progressively un- 
comfortable for almost 6 .months prior 
to the onset of meningitis. Within a 
few days of the start of treatment, both 
the disturbing cough and the dysphagia 
disappeared. In the other, a pulmo- 
nary lesion was markedly improved. 

The 2 patients who survived for the 
longest periods (10 and 16 months) had 
received 2 and 3 courses of strepto- 
mycin, respectively, and were receiving 
their 3rd and 4t}i courses at the time 
of their death. Although they had 
made complete clinical reco\'eries from 
their initial attacks and earlier relapses, 
streptomycin was entirely without ef- 
fect on their final relapse. It is pre- 
sumably significant that tubercle bacilli, 
both from their spinal fluid and sputa, 
were resistant to 1000 meg. per cc. dur- 
ing their last course of treatment. Un- 
fortunately, similar data are not avail- 
able during their earlier relapses. In 
neither patient did the spinal fluid ever 
become entirely normal. 

Tlie gross and microscopic studies of 
the meninges and brain of 8 of these 
11 patients who were subjected to 
autopsy revealed analogous findings. 
Tlic cerebrospinal fluids were all gross- 
ly cloudy and 4 were positive for tu- 
bercle bacilli. Tliere was an active 
arachnoiditis over the base of the brain 


in each, and in, most tliere was a tliick, 
often friable, fibrinous exudate extend- 
ing over the pons and onto the cerebel- 
lum. In some, evidence of meningitis 
was found over tlie cerebrum. All 
vessels in the regions of disease were 
uniformly and largely engorged. The 
ventricular systems of 5 were dilated 
to some degree, altliough tlie choroidal 
plexi were apparently normal in 8. 

Microscopically, the meninges in the 
involved areas were usually diffusely 
thickened and densely infiltrated with 
lymphocytes. Tubercles with epithe- 
lioid cells were found scattered dirough- 
out but most of them were well en- 
capsulated. Central "caseation was 
common and in a few there was be- 
ginning calcification. Infarcts due to 
thrombosed vessels were frequently 
seen and, in the regions of the tissue so 
destroyed, tuberculous lesions could be 
seen extending into the brain substance. 
Tuberculomas in brain substance, of 
indeterminate age and of various sizes, 
were found in 5 of the 8 patients, but 
in none xvere acid-fast bacilli found. 
Each was encapsulated although the 
centers were necrotic and caseating tu- 
bercles were found in the periphery of 
3. 

The most significant finding in tlie 
majority was the organization seen in 
the leptomeninges. Another significant 
observation was the rather marked 
amount of tuberculosis in tlie brain 
substance, most of which had appar- 
ently extended from overlying tuber- 
culous processes in the meninges. 

The Living. Sixteen patients in the 
series have thus far survived. Although 
it is quite possible that some, or even 
all, of them xvill eventually relapse and 
die, they have lived from 4 to 14 
months after the onset of their illness 
(average 7.3 months) and the majority 
are, at this time, free of stigmata of 
central nervous system infection. 

All patients (Table 7) received intra- 
thecal streptomycin and during the 
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course ol: therapy from 45 to 150 single 
injections were given. The amount 
used per injection was usually 0.1 gm. 
but varied from 20 mg. to 500 mg. 
This latter dose was given twice to one 
patient and produced extremely severe 
nerve root pain on both occasions. The 
total amount administered by this route 
during the course of treatment varied 
from 3.5 to 15.4 gm. The intramus- 
cular route was also employed and, 
with a single exception, each patient 
received at least 1.8 gm. daily, 3 were 
given 2.4 to -4 gm. during the first 1 to 
4 weeks and 1 received 2.4 gm. daily 
for 150 days. Single courses of treat- 
ment, with one exception, extended 
from 115 to 180 days. 

Tuberculous lesions outside tlie cen- 
tral nervous system in these patients 
were sometimes benefited by strepto- 
mycin. In 2 patients, pulmonary tu- 
berculosis became arrested and in 4 
others the lung lesions were consider- 
ably improved. Cutaneous sinuses 
healed in 1 patient and renal tubercu- 
losis in another became quiescent so 
that a nephrectomy could be safely 
performed. 

Tlie common response to treatment 
can be best described by presenting a 
case report: 

Case 3. F. McK., a 34-year old white 
male, was admitted to Veterans Adminis- 
tration Hospital, Dayton, Ohio on June 
21, 1946, with a diagnosis of tuberculous 
meningitis. Pulmonary tuberculosis had 
been diagnosed 1 year previously and 
after a period of bed rest and the institu- 
tion of a right pneumothorax at another 
hospital, he had, since early 1946, been an 
ambulatory patient. Symptoms at the time 
of admission in June u'ere characteristic 
of meningitis-headache, blurred vision, 
stiff neck, nausea and vomiting. Their 
onset had been ushered in a few hours 
previously by a shaking chill and subse- 
quent fever of 101° F. Physical exami- 
nation revealed an acutely ill, irritable, 
white male with thick speech, slow cere- 
bration and delayed response to stimuli. 
Nuchal rigidity was marked, deep reflexes 


were absent and there was a positive Ba- 
binski sign. The spleen was not palpable. 
Laboratory findings showed a white cell 
count of 6000 and a normal differential. 
Spinal fluid on that day was positive for 
acid-fast bacilli, later proved by culture; 
it contained 139 cells, 80fo of which were 
liolymorphonuclear leukocytes, 37 mg. per 
100 cc. sugar and the tryptophane test was 
positive. 

During the next 8 days, the patients 
temperature rose daily to 102°-103° F., 
projectile vomiting was common, and he 
was gravely ill. Streptomycin was started 
June 28, 1946, in a dosage of 2.4 gm. 
daily intramuscularly (.4 gm. every four 
hours) and 0.1 gm. intrathecally every 
other day. 

The patient’s general condition started 
to improve immediately. Within 1 month, 
fever was reduced to below 100°, head- 
ache, nausea and vomiting became less 
bothersome and the nuchal rigidity grad- 
ually relaxed. He became alert and his 
appetite returned. This degree of im- 
provement was maintained until Septem- 
ber. During this 2-month period, hearing 
loss was noted and when it was obser\'ed 
to be progressive 30 days after the start 
of treatment, the intramuscular dosage of 
sti'eptomycin was reduced from 2.4 gm. to 
0.6 gm. daily. 

Early in September, streptomycin was 
discontinued for 5 days. Fever rose with- 
in 48 hours, vomiting started again, and 
the patient relapsed into a state of sub- 
acute but progressive illness. Because of 
these evidences of relapse, streptomycin 
was started in the reduced daily dosage 
(0.6 gm. intramuscularly and 0.1 gm. in- 
trathecally) and continued without inter- 
ruption until January' 10, 1947. At the 
time the second course of streptomycin 
was started, spinal fluid cell count was 
over 100 (60% hanphocytes), the sugar 
had remained below 30 mg. per 100 cc. 
and the proteins were elevated. The 
fluid was, however, sterile. 

During September and until mid-Octo- 
ber, 1946, the patient became progres- 
sively worse, and it appeared that he would 
surely die. Intractable vomiting necessi- 
tated the use of parenteral feedings as 
well as gastric tube feedings. He lost 
weight and became listless and apatheh'c. 
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His fever continued abo\’e 100° and neu- 
rologic signs of ankle clonus, diminished 
peripheral vision, and sluggish reflexes 
were evident at all times. In the middle 
of October, without change in treatment 
program, this dowmhill course was grad- 
ually reversed (120 days after onset of his 
illness). He began to eat, and his com- 
plaints of blurred vision, diplopia and 
headache diminished. Mental alertness 
returned, his speech, previously thick, 
cleared and he was able to write and talk 
normally. By December first, he was 
asymptomatic and without evidences of 
neurologic abnormalities, able to walk 
about his room, shave and perform all 
simple muscular exercises. There was no 
fever. Spinal fluid early in December 
contained 18 cells. The sugar was norma! 
for the first time since the first diagnostic 
lumbar tap but the proteins remained 
above 100 mg. per 100 cc. Sputum had 
become negative by smear and culture 
and although a pneumothorax hid details 
of his pulmonarv' disease, there appeared 
to have been improvement in that as well. 
This state of freedom from evidences of 
infection has continued to date. 

In Januarv’, 1947, the patient com- 
plained more bitterly than usual about 
the shooting pains down his legs at the 
time of, and following, intrathecal injec- 
tions of streptomycin. The physician, 
unable to demonstrate abnormalities on 
neurologic examination, continued the 
every-other-day injections until Januarj' 
15. On that day, transient paraplegia 
developed following a spinal tap and it 
persisted for the next 48 hours. Despite 
it, a final injection was made. Following 
this, there was an acute e.xacerbation of 
the symptom complex, and a complete 
transverse myelitis, with loss of urinary’ 
bladder control, became apparent. Strep- 
tomjcin was then discontinued (intramus- 
cular streptomycin had been discon- 
tinued 1 week earlier), after a total of 168 
mn. intramuscularly in 190 days (5-day 
I ipse exchiflcd) and 9.S gm. intrathecally 
given in 9S injections over 195 day.s. 

On January IS, the Isl clay after ther- 
apy w.rs stopped, the patient’s neurologi- 
ral examination was as follows: marked 
atoni.i and weak-tK-ss of all muscles of the 
lower extremities, an unsteady gait, di- 


minished deep refle.xes and hj’pesthesia. 
Evidences of disturbed vestibular func- 
tion and hearing loss w’ere also present. 
Sensation w'as intact and reflexes were 
active elsew’here. Clinically, the patient 
W'as cheerful, his appetite was satisfactory, 
and he was afebrile. Intermittent, mild, 
daily, headaches w’ere, however, a con- 
tinued complaint. His pulmonary' tuber- 
culosis W'as considered quiescent. 

One month later, the evidences of para- 
plegia had disappeared, the muscular 
w'eakness had improved, reflexes became 
equal and active, the unsteady gait im- 
proved and he learned to w'alk w'ithout 
support. Deafness, not apparent in con- 
versational range, and the vestibular 
signs had, how’ever, not improved. 

Spinal fluid at the end of treatment re- 
vealed 40 cells and proteins above 100 
mg. per 100 cc. Three months later, cell 
count had fallen to 10, all Ij'mphocytes, 
and the protein had fallen to 70 mg. At 
last report, the patient w'as continuing in 
the same state of good health w'ith normal 
spinal fluid cell count, but with slightly 
elevated protein concentration. In early 
June, 1948, he had surx'ived almost 24 
months and there w'ere no evidences 
of active tuberculosis either of the lungs 
or central nerx'ous system. 

This case was unusual in tire slow- 
ness of his response since, although the 
characteristic initial improvement oc- 
curred, the patient .suifered a relapse 
and true recovery did not begin until 
w'ell after the 90th day of treatment. 
It may be that the reduced intramus- 
cular dosage which was employed 
(ifj or less than that used in the other 
cases) was responsible for the delay. 
Tliis point aside, the clinical response 
of 9 other surviving patients was very 
similar. Tw'o, having surv'ivcd their 
meningitis for 11 and i months, hare 
been released from the hospital and 
1 has returned to his work as a gaso- 
line station attendant. Seven others, 
although still hospitalized, arc being 
rehabilitated and are, to all purpose.s, 
recovered. Tlie remaining patient, bc- 
cxiuse of active pulmonary tuberetdo- 
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sis which improved during therapy but 
is still far advanced, remains on a bed- 
rest regimen. Spinal fluid protein 
levels remain elevated in 6 of these 
10 patients and cell counts are above 
10 in 3. 

•Of the 6 surviving patients whose 
response has been less dramatic tlian 
those of the 10 just described, 1 is still 
under treatment and it is not fair to 
evaluate the results of therapy. He 
appeared moribund when treatment 
was started and now, after 120 days 
of therapy, has minimal evidences of 
active central nervous system tuber- 
culosis.! A 2nd patient, following mod- 
erate clinical improvement during 
therapy, relapsed and is at diis time 
in the end stages of progressive and 
fatal tuberculous meningitis. Treat- 
ment has not been started again. A 3rd 
patient, experiencing early and marked 
clinical improvement, continues to 
have signs of meningitis and fmther 
improvement has ceased. The remain- 
ing 3 patients, all of them free of active 
meningeal signs, have active and pro- 
gressive pulmonary tuberculosis and 
the final outcome must be considered 
highly dubious.** 

Summary of Cases of Meningitis. 
Forty-three patients witli proven tuber- 
culous meningitis but without evi- 
dence of manifest miliary tuberculosis 
have been ti'eated witli streptomycin 
(Tables 3 and 7). Sixteen died witliin 
6 weeks of onset of therapy Avitliout 
showing any important influence of 
streptomycin upon tlie course of tlieir 
disease. Eleven otlier patients died, 
but tlieir life span was definitely pro- 
longed by therapy, 9 of them surviving 
for an average of 3.3 months and tlie 


otlier two for 10 and 16 months. Six- 
teen patients are still alive. Ten of 
these are free of all signs of infection 
altliough, in 6, all constituents of the 
spinal fluids have not returned to nor- 
mal values. Tlie remaining patients, 
although hving and improved, con- 
tinue to show evidences of active tu- 
berculosis and the results of therapy 
cannot be thoroughly evaluated at the 
present time. It was found impossible 
to prognosticate tlie outcome in any 
individual case either from the com- 
position of the spinal fluid at the time 
ti'eatment was started, from the mental 
status of the patient at that time, or 
from the interval between the devel- 
opment of symptoms and the initiation 
of therapy. 

Laboratory and Clinical Observa- 
tions and Their Prognostic Significance. 
There are collected in Table 8 certain 
data on the spinal fluid and the clinical 
status of 68 patients with tuberculous 
meningitis, both at the time their treat- 
ment was started and at its completion. 
This Table includes all patients in the 
2 groups which have been last de- 
scribed and from it are excluded pa- 
tients whose meningitis did not be- 
come manifest until after tlie institu- 
tion of treatment for miliary tubercu- 
losis. These data were examined in 
tlie hope that certain of them might 
be of prognostic significance. This 
hope has not been realized. 

Specimens of cerebrospinal fluid 
(Table 8A), collected prior to treat- 
ment, show the anticipated abnormal- 
ities in cell count, differential count, 
protein concentration, and sugar con- 
centration, in tlie great majority of 
instances. At tlie conclusion of treat- 


tThis patient’s tlierapy was discontinued in November, 1947, following 6 months’ continu- 
ous trealincnt with streptomycin. He has made a surprising recovery and is at tliis time free 
■ 1 — j 1 infection, albeit his spinal fluidS continue to be abnormal. This 

individual remained gravely ill for 3 months despite treatment and significant improvement 
only beg.an in the 4tli montli of therapy with streptomycin. 

**One of these patients died in November, 1947, from destructive and progressive pulmo- 
narj tuberculosis. At the time of death he had been free of all eWdences of tuberculous 
menmgitis tor more than / months and had received no therapy for 4 months. 
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merit, and to a still greater extent 
during follow-up observation, the cell 
count in the surviving patients has 
been reduced and the sugar concentra- 
tion returned to its normal range. The 
protein concentration has been much 
slower to return to normal, -an ob- 
sen'ation already made by McDer- 
mott'. No one of these observations 
provided a constant guide to diagnosis, 
for tire initial sugar concentrations 
were normal in 22^0 of the cases and 
the cell counts and protein concentra- 
tion normal in 6 and 7 % respectively, 
the diagnosis in tliese latter instances 
being made by the demonstration of 
acid-fast bacilli in the spinal fluid. 
Nor, in retrospect, could the observ’a- 
tions have been used as a prognostic 
guide. A normal sugar concentrafa'on 
at the pre-treatment observation was 
no assurance of survival and 4 of tlie 
5 patients with normal protein con- 
centration, and who might thereby 
have been thought to hav'e a minor 
infection, died. 

The fever and the mental status of 
the patients (Table 8B) at the time 
treatment was instituted, was not only 
markedly alleviated in those who re- 
covered, as has already been remarked, 
!)ut also in a number of those who did 
not survive. But neither of these ob- 
servations proved to be of prognostic 
import. Several afebrile patients died 
within a month and others, with verj' 
high initial temperatures, proceeded to 
recovery. Similarly, 2 patients who 
were initially in deep coma survived, 
whereas 2 others, who appeared least 
ill, died rather promptly. 

It would seem reasonable to assume 
that the earlier therapy was instituted 
the better would be the result.s. But 
this assumption was unjustified in this 
series (Table SC). In eleven of 43 
patients with meningitis, treatment was 
started within the 1st week of the 
disease. Five died, 4 within 2 weeks 


of the commencement of treatment. 
Of 12 with disease of more than 2 
weeks’ duration before tlie institution 
of tlierapy, 6 survived. In tliose with 
miliar}' and meningeal disease, only 1 
of 8 survived when treatment was 
started within 1 week of the onset of 
the disease, whereas 2 of 5 are still 
alive, even though therapy was de- 
layed for more than 3 weeks. More- 
over, the duration of survival in those 
who died was not affected by tlie 
promptness vvitli which tlierapy was 
instituted. 

Toxicity. Full discussion of the un- 
toward side effects which accompany 
prolonged administration of strepto- 
mycin can be found in the literature*'’’ 
In this series, to.xic manifestations 
were observed in over 93^ of the 
patients, and, excluding for the mo- 
ment the instances of vestibular hypo- 
or a-function produced by strepto- 
mycin, serious reactions occurred in 
28 patients (28%) and hastened death 
in at least 5 of these (Table 9). 

Of the 40 patients still living, deaf- 
ness or significant hearing loss de- 
veloped in 7 and a lesser degree of 
loss occurred in 4 others (28%). The 
3 patients (8%) who became com- 
pletely deaf during treatment have 
failed to regain their hearing after its 
termination. The remaining 8 (20%) 
whose hearing was reduced have re- 
gained some degree of hearing and 6 
of the 8 are no longer deaf for the 
conversational range of tones. The 
loss in hearing usually became manifest 
by audiometric examination within the 
1st month of therapy but did not 
reach .significant degrees until after 
the 60th day in the majority. From 
the information thus far available in 
this series, it is impossible to determine, 
either clinically or pathologically, 
whether deafness resulted from the 
tliscase or whether it represents a 
specific streptomycin effect. In the 8 
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patients whose hearing was not com- 
pletely lost, 6 did not have equal loss 
in both ears, one being much worse 
than the other. This would, by infer- 
ence, indicate that tuberculosis was 
the cause of the disability. The very 
much higher incidence of tliis compli- 
cation in the present series (28%) than 
tliat which obtains (1-2%) during tlie 
treatment of otlier types of tubercu- 
losis with similar doses of streptomy- 
cin'‘ argues in the same direction. The 
examination of pathological specimens 
of the patients who have died may 
resolve tliis argument. 

Exfoliative dermatitis occurred in 4 
patients. Three of tliem died shortly 
after its onset and it was, without 
doubt, a major contributing cause of 
death. In all instances, it developed 
during the 4th week of therapy and 
had been preceded by a rash and 
eosinophilia. The 4th patient survived 


the exfoliation and is still living. At 
the time the comiilication developed, 
the daily dose of sti'eptomycin was 
reduced to 1.0 gm. but it was not 
discontinued as would presumably have 
been done had the type of tuberculosis 
been a less fatal one. 

Anuria developed in 2 patients and 
uremia with oliguria in 2 otliers during 
the administration of sti'eptomycin. All 
4 died but it cannot be stated tliat 
streptomycin was the direct cause of 
death. Two had previously existing 
renal tuberculosis and tlie others had 
evidences of a non-specific nejilmitis. 
Diminished function did not become 
apparent in any of them until after 
streptomycin had been administered 
for at least 3 weeks. Pathological ex- 
amination of kidney tissue did not re- 
veal abnormalities suggestive of a 
streptomycin effecth Seven patients, 
without previously known renal dis- 


TABLE 8 

Clinical and Laboratory Obser\'ations In 68 Patients with Tuberculous Meningitis 
With or ^^6thout Evidences of Generalized Miliary Tuberculosis 


A. SPINAL FLUID FINDINGS 




Number 

of Patients 


Before Therapy 
(68) 

Initial 

Examiiration 

LIVING (21) 

Examination Last Examination 
at End of 1 to 9 Months 

Treatment after Cessation of 
Period Treatment 

DEAD (47) 
Final 

Examination 

Before 

Death 

TOTAL NUMBER CELLS/cmm 

Less than 10 

4 

2 

7 

3 

Between 10 and 50 

15 

8 

5 

g 

Between 50 and 100 

9 

1 

5 

5 

Over 100 

33 

7 

2 

30 

Not reported 

7 

3 

2 

0 

POLYMORPHONUCLEAR CELLS 

Above 509^ 

17 

1 

2 

9 

Below 50% 

42 

17 

17 

35 

Not reported 

9 

3 

2 

3 

PROTEINS 

Normal 

5 

1 

4 

0 

Between 60 and 100 mg. per 100 cc. 

13 

6 

9 

14 

Above 100 mg. 

44 

11 

6 

29 

4 

Not reported 

6 

3 

2 

SUG.-VR 

Normal 

Below nonnal 

15 

31 

2 

3 

6 

1 

14 

1 

24 

22 

Not reported 

22 

16 
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TABLE S - CONTINUED 

B. CLINICAL FINDINGS 


FEVER 

Below 100 degrees F 
Behveen 100 and 103° F 
Above 103 degrees F 

MENTAL STATUS 
Clear 

Semi-stuporous 
Deep Coma 





Number 

of Patients 

Before Tljcrapy 


LIVING (21) 



At 

End of 

Last 



Treatment 

Examination 

f 




= ii'z. 

u 


u 

>1 tc 

ti >.u 

<- b* i~ 

c 



5 S 

c ;= c 







DEAD (17) 





5 4 

20 10 

IS II 


7 4 

8 1 

1 0 


14 2 

2 3 

0 0 


3 4 

8 13 

9 10 


9 

16 

IS 


8 13 4 13 2 

8 3 13 3 

9 0 0 0 0 


3 4 

13 9 

4 12 


C. DURATION DISEASE PRIOR TO THERAPY 


Number of Patients 


DUHATION 
AS MEASURED 
PROM ONSET OP 
FEVER OR 
HEADACHE 


1 to 7 days 
S to 14 days 
15 to 21 days 
Over 21 days 
Unknown 

Total 


AT START OF 
TREATMENT 






DEAD (47) 


WITHIN C 


(21) 

AVEEKS OF 

AFTER MORE 


THE START 

THAN G WEEKS 


OF THERAPy 

OF THERAPY 


■£ a-B 

B tiB 


5 

'i tl 

:=*c 

c 'M'a 

s — c 

<<2 

i. 

'P. 

O S Sr 


11 8 6 

18 3 3 

4 9 2 

8 5 4 

2 0 1 

43 25 16 


1 4 3 

0 7 3 

2 2 6 

2 2 2 

0 T 5 

5 16 14 


1 4 

8 0 

0 1 

2 1 

0 0 

11 6 


TABLE 9 

Severe ToNic Manifestations Followint? Tlierapy With Streptomycin: 


Hearing Loss 
Kidney Dannigt' 
!Nf()li:itive Derni.itilis 
Crannloes topeiiia 


Total 


100 Cases 

Marbed «ir Oiuii'tele 

1! 

4 
4 
! 

20 


(Niiiulier fit Patients) 


Minimal nr Partial 

9 

7 

0 

1 

17 


Ninnber and Percent tif Patients Devi4o])ing Reactions— 28. 
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ease, developed urinary abnormalities 
and in 3 of them a mild degree of 
azotemia appeared. Streptomycin was 
discontinued in these 3 instances, and 
kidney function tests and urinalyses 
reverted to normal shortly thereafter. 
Streptomycin was continued in the 
other 4 and although cylindruria, al- 
buminuria, and reduced urea clearance 
values continued, more serious impair- 
ment of kidney function did not devel- 
op. Three of the 7 patients died 
during therapy and specific damage to 
kidney tissue was not discovered at 
autopsy. Since cessation of treatment 
in the remaining 4 patients, the abnor- 
mal urinary sediments have cleared, 
albumin has disappeared from tire 
urine in 3 and urea clearance tests are 
now normal in all. 

Agranulocytosis developed in 1 pa- 
tient with acute miliary tuberculosis. 
Because it reached such severe propor- 
tions (total count 700), and because 
angina developed, streptomycin was 
discontinued. Thereafter, despite pro- 
gressive and eventually fatal miliary 
tuberculosis, circulating white blood 
cell counts returned towards normal. 
Bone marrow studies were unfortu- 
nately not performed. The total wlrite 
blood cell count- in one other patient 
\wtli meningitis fell to 1500 during 
therapy but the granulocytes did not 
disappear completely. Treatment was 
continued and, despite it, the count 
returned to normal levels. Tliis pa- 
tient did not have an associated miliary 
tuberculosis. 

Signs and sjmiptoms of vestibular 
damage,*’’’’'’'’’"’ were present in over 
90% of all patients who surwved more 
than 6 v^eeks and ha\’e persisted in 37 
of the 40 who are still alive. 

A complication peculiar to the intra- 
tliecal use of streptomycin results from 

* Tlie.se patients were treated subsequent to 
senes. 


its irritant action. The great majority 
of patients receiving streptomycin in 
doses of 100 mg. or more by tliis route 
complained of pain following each in- 
jection. The pain appears promptly, 
is sharp and stabbing in character with 
a sciatic radiation down both legs 
which is worse on tlie dependent side, 
and may persist witli considerable 
severity for as long as 3 hours. On 
occasion it has been sufficiently severe 
so that patients have refused further 
injections. In addition to the pain, 
6 patients have developed paraplegias 
which were attributed to the local 
irritant action of sti-eptomycin and were 
sufficiently marked to require interrup- 
tion or cessation of inti'athecal injec- 
tions. In each instance, as in Case No. 
3, the signs and symptoms disappeared 
when treatment was discontinued. 
Further than this, 3 patients have e.\- 
hibited hyperactive tendon reflexes in 
both legs for several hours after each 
of many injections. The incidence of 
paraplegia appears to be directly re- 
lated to the size of the intrathecal 
dose: 3 cases developed in 8 patients 
receiving daily injections in excess of 
100 mg., whereas only 3 developed 
in 60 cases receiving 100 mg. and none 
in 60* receiving 50 mg. every alternate 
day. 

Summary of Toxicity. Tlie manifes- 
tations of toxicity encountered in this 
series are not unlike tliose encountered 
by other investigators employing simi- 
lar doses of streptomycin®’^'^’. Damage 
to the 8th cranial nerve, to the kidney, 
and a sensitivity reaction manifested 
by fever and a skin eruption of var>ang 
severity continue to be the most com- 
mon e\idences of toxicity. The most 
severe reactions and their incidence 
are listed in Table 9. Three points 
desei ve mention. The effect upon 

May, 194/, and are not included in the present 
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hearing is much more common than 
has been the case in treating other 
tj'pes of tuberculosis but this may be 
an indication of disease rather tlian of 
toxicity. One case of agranulocjTosis 
and another of leukopenia are reported. 
Streptomycin is a local irritant and its 
intrathecal injection produces pain and, 
on occasion, paraplegia; these phe- 
nomena are a function of dosage; they 
may be minimized, and perhaps abol- 
ished, by using slow, well-diluted, in- 
jections of 50 mg. of streptomycin on 
alternate days, a regimen which has 
been found to maintain adequate con- 
centrations (exceeding 5 micrograms 
per cc.) in the cerebrospinal fluid. 

Discussion. One hundred cases of 
proven acute miliary tuberculosis and 
tuberculous meningitis have been treat- 
ed witli streptomycin administered by 
tlie intramuscular and, in tlie presence 
of meningitis, by tlie intrathecal route. 
Forty of tliese patients (Table 3) have 
had a remission of their disease and 
sur\'i\'e. Twenty-four patients, who 
ultimately died, lis'ed for longer than 
6 weeks follown'ng the instituHon of 
therapy and experienced definite clini- 
cal improvement during its early stages. 
These 2 statements pron'de definite 
evidence of tlie usefulness of strepto- 
mycin under these circumstances. For 
the first time, the phthisiologist is armed 
with an effective chemotherapeutic 
weapon against diseases which, in all 
the past, have been uniformly and uni- 
versally fatal. 

This is not to say that the weapon 
i'. a perfect one. Sixty percent of tlie 
patients arc dead and, of the survivors, 
sescral have evidence of irreversible 
iirain damage and others, it is antici- 
pated, will suffer relapses and death 
in their conrsi*. 'Hie question arises 
whether tlie weapon would have given 
better results had it been differently 
used, ill tliffereiif dns;me or for different 
lengths of time. Tlie present study 


does httle to inform on this point for, 
although there were considerable o\'er- 
all variations in the daily intramuscular 
(0.6 to 4,0 gm.) and intrathecal (0.01 
to 0.2 gm.) dosage, a very large majority 
of tlie patients received 1.8 gm. and 0.1 
gm. respectively and, of the survivors, 
a great majority were treated for be- 
tween 120 and 180 days. Otlier regi- 
mens can therefore searcely be said to 
have been explored. At the present 
time, the effectiveness of larger intra- 
muscular dosage and of administering 
a combination of streptomycin with 
intravenous promin is being studied 
in Veterans Administration hospitals. 
Insofar as the present series pron'des 
eWdence on this point, it does not lead 
one to think that daily doses of less 
than 1.8 gm. for less tlian 90 days would 
be adw’sable. On the other hand, it 
seems unlikely tliat treatment extend- 
ing beyond 120 days would be useful 
in a majority of patients since some 
two-thirds"' of them will have de- 
veloped a resistance to streptomycin 
by this time, if one is willing to accept 
in vitro sensitivity tests as indicative of 
this state. It is, of course, obvious that 
a precise definih’on of dosage can not 
be given. In those few instances in 
which clinical improvement continues 
and in whom organisms remain sensi- 
tive to the antibacterial effects of strep- 
tomycin, therapy for periods longer 
than 90 to 120 days is indicated. In- 
deed it seems important to do so, in 
order that relapses be prevented. Ex- 
cluding those instances in which clini- 
cal improvement was followed b>’ pro- 
gression of disease while streptomycin 
was being administered, a circumstance 
presumably caused by the dijvelop- 
ment of bacterial resistance, 5 of the 
11 relapses in this series occurred after 
treatment periods of less than 90 days. 
.As the retreatment of 9 of this group 
of II individuals failed to excite a 
second favorable response, it would 
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appear that the prevention of a relapse 
by an adequate first course of therapy 
is imperative. 

It was found that severe reactions 
accompanied tlie intrathecal injections 
of 0.1 gm. or more of streptomycin 
and it is believed that these reactions 
can be avoided without comparable 
loss of efficacy by reducing the dosage 
to 0.05 gm. and injecting it slowly and 
well diluted. As was pointed out in 
the preceding section, injections of 50 
mg. on alternate days will maintain 
presumably effective spinal fluid con- 
centrations of streptomycin for the 48- 
hour interval. It appears from this 
series that every-othex-day injections 
for 3 or 4 months will provide adequate 
intrathecal therapy for tuberculous 
meningitis and that this total number 
(40 to 50) will be tolerated by most pa- 
tients. Altlrough tlie comparable ef- 
fectiveness of intramuscular versus in- 
trathecal sti-eptomycin in tlie treat- 
ment of tuberculous meningitis would 
be interesting to determine, a study 
of this character has not appeared 
justifiable. 

In the body of this article, the dis- 
eases witli which it is concerned have 
been described separately and in tlie 
several combinations in which tliey oc- 
curred. By all odds the most successful 
results have occurred in the patients 
with acute miliary disease unaccom- 
panied by meningitis. Of tlie 22 cases 
in diis group, 16 (73%) are alive for 
from 4 to 14.5 montlis following the 
initiation of tiierapy and 14 have ap- 
pai'ently recovered. Roentgenographic 
eiadence of iiulmonary dissemination, 
in these patients, has commenced to 
clear after 60 days of treatment and 
has frequently gone on to complete 
disappearance. This is quite consistent 
with the demonstration- tliat recent, 
small, pulmonary lesions respond best 
to streptomycin, but it is, nex^ertheless, 
a quite novel and dramatic observation. 


On tlie other hand, the group which 
has responded least well to strepto- 
mycin has been composed of patients 
with both meningeal and disseminated 
tuberculosis. Although 5 of these 
(20%) are still alive, only 2 are free of 
evidence of nervous system and pulmo- 
nary infection and 1 of these 2 has 
irreversible brain damage. One can 
only speculate as to tlie reason for tlie 
failure. It is consistent with tlie un- 
fortunate association of the two dis- 
eases that, of 10 patients who devel- 
oped meningitis either during or sub- 
sequent to treatment of tlieir miliary 
tuberculosis with streptomycin, only 3 
are living 9 to 12 montlis after the onset 
of tlieir disease and but 1 of these 3 
could be characterized as a recovery. 
The development of meningitis has 
come to appear as tlie chief obstacle 
to the successful ti'eatment of miliary 
disease by streptomycin. These find- 
ings do not vitiate tlie previous state- 
ments concerning the effectiveness of 
streptomycin upon pulmonary dissem- 
inations for, in a majority of the' pa- 
tients who lived sufficiently long, a 
definite clearing of tliese lesions was 
observed antecedent to deatli. In the 
3 instances of combined disease in 
which improvement occurred and was 
maintained, tlie remission of the in- 
fections in each might be explained 
by the antimicrobial effect of strepto- 
mycin which was accompanied and 
followed by a sufficient response of the 
host’s defense and reparative mecha- 
nisms. Thus control of the infection 
developed and the remission became 
sustained. On tlie otlier hand when 
improvement of the infech'on was not 
maintained, one can speculate that at 
the time the host’s organisms became 
resistant to the antibacterial effect of 
streptomycin, improvement ceased and 
relapse occurred because the host was 
unable to produce adequate defenses. 
In tlie group who did not respond to 
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any degree and in those who developed 
central nervous system residua, tlie 
failure of streptomycin may be attribut- 
able to its inability to promote bene- 
ficial changes in established irrever- 
sible patliological situations. 

Falling midway between tlrese 2 
groups, from tlie point of Anew of 
results, are the 43 patients witli tuber- 
culous meningitis unaccompanied by 
other evidence of a disseminated proc- 
ess. Sixteen of these patients (37%) 
are living 4 to 7 months after tire 
beginning of treatment and, altliough 
the cerebrospinal fluid has become 
completely normal in only 4, 10 of 
them have completely recovered from 
all clinical evidence of disease. This 
is, of course, quite without precedent, 
and must be attributed solely to strep- 
tomycin, even tliough it be admitted 
that some, or even all, of these patients 
may subsequently suffer relapses and 
death. Because the permanence of 
the clinical remissions can not be pre- 
dicted, the term “cure” has been pur- 
posely avoided throughout. 

Summarj’, One hundred patients 
with proven acute miliary tuberculosis 
and/or tuberculous meningitis have 
been treated with streptomycin in S2 
Veterans Administration and contract 
hospitals. Forty of these patients are 
still alive between 4 and 14.3 months 
following the initiation of treatment. 
The pulmonarv' dissemination of mili- 
ary tuberculosis proved the most re- 
sponsive to streptomycin but a con- 
siderable number (37%) of patients 
with tuberculous meningitis have also 
survived. 

These results are interpreted not so 
much as meaning that streptomycin 
can cure these 2 tsires of disease but 
rather as indicating, beyond cavil, that 
it is capable of influencing favorably 
the course of tuberculosis. 

.Vthlcnc’.iiin: It is propos'-d to puhlisfj 


in tliis Journal, at inters-als, a brief note 
describing the fate of the 40 sursivors of 
the group. The first of these notes is as 
follows:— 

On June 1, 1948, 8 mondis after tliis 
report had been submitted for pub- 
lication, 24 of the 100 patients were 
alive. Fifteen of the 40 survivors 
described had died and one was lost 
to tlie follow-up. 

Three of the deaths during the past 
8 months occurred in tlie group origi- 
nally widi miliary tuberculosis. All 
developed meningitis. Seven indirid- 
uals with meningitis died, 5 during 
relapse or progression of tlie original 
disease and 2 following progressive 
pulmonary disease. Neither of these 
latter had evidences of meningeal tu- 
berculosis at the time of death. Five 
patients who had combined miliar}' 
and meningeal tuberculosis died, all 
with recurrences or progression of tlie 
original meningitis. Tliree of tliese 
latter 5 had no pulmonary miliary 
involvement at autopsy. 

Of the 24 patients still living, 10 
have moderate to severe impairment 
of lab}Tinthine function, 1 continues 
deaf and 3 have neurologic sequelae, 
eitlier from central nervous system 
damage or from the irritant effects 
of intrathecally-adminislercd strepto- 
mycin. 

Eight patients have foci of tuber- 
culosis, other Uian the disseminated 
form, which are still active. Only 
1 iiatient, whose miliary dissemina- 
tion. was followed liy meningitis, is 
living and he is undergoing a foiirtii 
course of treatment for meningeal re- 
lapse. Although the miliary lesions 
remain “cured,” his prognosis is grave. 

Fifteen patients are either free of fn- 
berculosis or have arrested lesions; 7 
vere treated originally for miliary tu- 
berculosis, 7 for meningeal disease, and 
1 had therapy for combined disease. 
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The original observation by Mac- 
lagan' in 1944 on the thymol turbidity 
lest as a measure of liver dysfunction 
has received e.xtensive investigation by 
Watson and Rappaport,'^ McCord, 
Kline and Williams," Shank and Hoag- 
iand,'- Mateer et al.''-''' and Neefe.® The 
modification of Maclagan’s original 
technique recommended by Shank and 
Hoagland"' has not been widely used, 
although it represents an improvement 
in the sensitivity of tlie test and the 
objectivcncss of the results. Our in- 
terest in the test was stimulated by tlie 
ease and speed Math which it is ac- 
complished in the laboratory. Accord- 
ingly the present investigation was 
undertaken; 

1. to determine the desirability of 
adopting the thymol turbidity test 
as a routine laboratory procedure. 

2. to investigate some of the factors 
which may alter the results of the 
test. 

o. to establish the results of the thymol 
turbidity test in a large series of 
persons who on routine physical 
and laboratory e.xamination appear 
normal. 

4. to determine the results of the thy- 
mol turbidity test svlieu run on a 
larui- series of hospital admissions 
with diseases generally believed r.ot 
to invobe the liver, 
o. to add to the reports already in the 
literature the results of the thymol 
turbidity test in patients with various 
kinds of liver disea.se. 

( 31 '-) 


6. to compare the results of this test 
with the cephalin cholesterol floc- 
culation test of Hanger.^" 

Method and Procedure. The cephalin 
cholesterol flocculation test was performed 
as described by Hanger’" with the modifica- 
tion introduced by Neefe and Rheinhold." 

The thymol-barbital buffer of pH 7.8 
was prepared as described by Maclagan.’ 

The tests were performed by adding 
0.1 cc. of serum to 6.0 cc. of the thymol 
barbital buffer in a calibrated test tube 
which was stoppered, shaken, and allowed 
to stand for 30 minutes. At the end of 
that time the tubes were inverted once 
and read in a Klett-Summerson photo- 
electric colorimeter equipped with a red 
filter of light transmission limits of 640 
to 700 m/i with maximum transmission 
at 660 m/i. The galvanometer was ad- 
justed to lOO’/o transmission of light with 
a blank eontaining 6.0 cc. of thymol 
buffer. The turbidity of a given reaction 
is expressed in units derived from a stand- 
ard cun'c prepared by using barium sul- 
fate suspensions as recommended by 
Shank and Hoagland.’- The quantities 
of standards prepared were double (hose 
used by these authors in order to adapt 
the procedure to the Klett-Summerson 
photoelectric colorimeter. If a test tube 
containing 6.0 cc. of distilled water is 
used as a blank, there is a straight line 
relationship between the optical densities 
of various dilutions of the bariiim sulfate 
st.'tndard at 660 m/<. This relationship was 
found to be true for a wave length of 
650 10 // by Shank and Hoagland. Since 
the start of the present investigation 
Dodds’ has used a modification of the 
Shank and Hoagland prricedure v.-hich is 
identical with that used in this paper. 
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Material. The subjects for these tests 
were patients on the surgical and medical 
wards of St. Luke’s Hospital. Specimens 
of blood for normal controls were obtained 
from the resident population of the hos- 
pital and from donors to the blood bank. 
All subjects except the blood bank donors 
had a complete physical examination in- 
cluding urinalysis, blood Wassermann, and 
chest roentgenograms. The blood bank 
donors had a superficial physical examina- 
tion and blood hemoglobin determination. 
Donors with a history of jaundice were not 
used. Patients with suspected liver dam- 
age or those whose sera gave elevated 
readings of thymol turbidity were investi- 
gated more completely. 

Results. A. While the procedure 
for determining the thymol turbidit\' of 
sera was being established, it was 
deemed advisable to test certain fac- 
tors which might influence or change 
the results of the test. Three such 


fast was 3.0 units, after breakfast 3.1 
units, and after lunch 3.6 units. Six 
patients with high thymol turbidity 
readings gave an average reading be- 
fore breakfast of 8.3 units, after break- 
fast 9.0 units, and after lunch 9.7 units. 
Apparently the thymol turbidity test 
is not greatly influenced by the intake 
of food, although there seems to be a 
slight rise after meals. This series is 
too siTiall to justify any quantitative 
conclusions, but it is recommended that 
all specimens be taken on a fasting 
stomach if possible. 

3. McCord et al,' used sera for the 
tliymol turbidity test which had been 
previously inactivated for the Wasser- 
mann reaction. The effect of inactiva- 
tion by heating at 56° C. for 30 minutes 
was therefore tried on a number of 
sera to see if such sera could be made 
available for the thymol turbidity test. 


T.\ni.E I. Effect of Refiugbuation on Thymol Turbidity V.\i.ues 

Days of Rcfrigerafiori 

0 1 2 3 4 5 7 14 

thymol Turbidity Values 2.6 3 3 3.0 3.2 2.1 1.8 2.2 2.1 

of 9 Cfi.ses) 

Thymol Turbidity Values 13.6 14.4 14.2 13.8 13 .,'; 13.7 13.6 13.5 


Normal 1 
(.\verage 
Elevated 
(.\veragc of 6 cases) 

factors were investigated, 

1. Standing at a temperature of 10° 
C. seemed to have little effect on the 
readings of 9 normal sera and 6 sera 
with elevated readings. The results 
are shoMna in Table 1 and show a rather 
remarkable degree of constancy over 
a 2-week period. It wovdd seem, there- 
fore, that thymol turbidity tests on 
refrigerated sera will be accurate over 
considerable periods of time. This 
might find application in the testing 
of blood bank blood or plasma. 

2. The effect of tlie time of day 
when the sample of blood is drawn 
was then studied. Specimens were 
obtained before breakfast, after break- 
fast. and after lunch. The average 
reading for 7 normals before break- 


On 54 sera the thymol turbidity read- 
ings before inactivation gave an aver- 
age figure of 6.4 units; after inactiva- 
tion, 3.9 units. From these results it 
was concluded that inactivation lowers 
the tliymoI turbidity readings sufficient- 
ly to make them inaccurate. It was felt 
that tire low results obtained by Mc- 
Cord and his coworkers were probably 
due to tliis effect of inactivation. 

4. The effect of inactivation on the 
cephalin-cholesterol flocculation test 
was also investigated. Sera which gave 
negative cephalin-cholesterol floccula- 
tion tests were inactivated as described 
above and then tested again; all show- 
ed a change from negatir'e to 2+ or 
more. These results show tliat the 
Hanger test cannot be run on inacti- 
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vated sera. Furthermore, the fact that 
one test becomes positive (Hanger) 
and the odier negative (thymol turbid- 
ity) would seem to be e\idence of the 
essential chemical difference between 
these two tests and tliat tliey depend 
upon different components of tlie ser- 
um. This is in agreement witli the 
conclusions of Recant, Chargoff, and 
Hanger'* and others.*’®’'^ 

B. Xormals. 552 observations on 
500 supposedly normal indiwduals svere 
made. WHiere more than one deter- 


Figure 1, however, that a considerable 
number of normals ha\'e readings abo\ e 
5.0 in our series, in fact, 137c. An 
analysis of tliese results leads to some 
interesting conclusions: 

1. A number of normals with ele- 
vated thymol turbidit)' readings were 
tested again after varying time inter- 
vals. Tliese repeated readings arc 
tabulated in Table 2. Repeat tests on 
a series of normals with low thymol 
turbiditj' readings were also made. The 
results are tabulated in Table 2a. The 



I'ff;. 1 .—Distribution (tf lb>inc»l valurs in .*>00 normal persons. 


iiiination was made on a subject 
the average of these was takcp as 
tile figure for that person. The mean 
\alue was 3.2 with a mean deviation of 
1.8. Figure 1 shows the distribution 
of the results obtained on these .500 
normals. Shank and Floagland,'" using 
barium sulfate standards and a .spectro- 
Iihotnmcter, obtained no readings 
aho’. e .5 units in -10 normal subjects. 
Simii.rr normal values have been re- 
ported more recently by other observ- 
trs.' It will he seen from inspection of 


constancy of the readings is ajiparcnt. 
.All these subjects were in apparent 
good health and going about their 
usual daily work. It would seem there- 
fore that a certain per cent of normal 
people do run a constanth' elevated 
thymol turbidity test. 

2. From the theory of jirohahilities. 
about two-thirds of all observations in 
an e.xperiinental series should not he 
farther from the mean than r. where 
f is cfjual to the mean deviation for 
the series. .Applying tliis theory, we 



ERNST, DOTTi; EA’^ALUATION OF THYMOL TURBIDITY TEST 


319 


Table 2. Repeated Determinations on Elevated Thymol Turbidity Readings 

(Normal Cases) 


Initial Reading 

Repeat §1 

Repeat §2 

6.0 

4.8 

4.4 

5.8 

4.4 


6.5 

5.5 


7.4 

5.1 


5.7 

6.2 


7.0 

8.2 

8.2 

8.2 

10.3 


8.0 

4.7 


5.3 

6.5 


10.2 

11.5 


6.5 

6.6 


7.0 

7.7 

7.4 

5.1 

5.8 


8.2 

8.2 


5.1 

7.5 


5.3 

7.3 


6.4 

6.9 

- 

6.9 

6.7 


4.8 

5.7 

4.8 

5.5 

3.7 


5.5 

4.7 



Table 2a. Repeated Determinations on Readings Beloiv .5.0 Units of 

Thymol Turbidity 


Initial 

Reading 

Repeat 

#1 

#2 

#3 


#5 

#6 

#r 

is 


2.3 

1.1 

1.9 








0.2 

1.7 









2.3 

3.0 









3.0 

2.0 









4.0 

4.5 

3.6 

4.0 

3.5 






1.8 

2.7 









1.4 

1.7 









4.0 

3.8 









3.6 

2.3 

2.5 

2.6 

2.9 

2.3 

2f7 

1.9 

3.0 

1 .3 


3.6 4.8 

3.2 4.0 

3.0 2.0 

2.3 4.1 

4.7 4.8 2.9 4.1 

find diat 66% of our normals fall in 
the range of 1.4 to 5,0 units which is 3.2 
(llie mean) ±: 1.8 (tire mean deviation). 
95% of tire normals lie in tire range 
from 0.0 to 6.8 units (mean ±: 2e) and 
99% lie in tire range of 0.0 to 8.6 
units (mean ± 3c), which again com- 
plies with the tlreory of probabilities. 
It appears tlreir tlrat (a) one would not 
expect all normals (in a large enough 
series) to be as close to the irrean as 
previous investigators have reported, 
and (b) tlrat it is to be expected to find 
a certain number of normal persons 


with readings even as high as 9.0 units. 

3. Eight>'-seven percent of our nor- 
mals lie within the 0.0 to 5.0 unit range. 
It can probably be concluded, there- 
fore, that the normal range is usually 
0.0 to 5.00. Eighty-seven percent ac- 
curacy is probably as perfect as 
one can exirect most biological tests 
to be. It must be borne in mind, 
howex'er, tlrat there are a certain 
number of normal individuals whose 
thymol turbidity readings \rill lie above 
this range and tlrat witlrout clinical 
and other supporting laboratory evi- 
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deuce it must not be concluded that 
they have liver disease. 

C. Di.^eases not involving the liver. 
There were 538 observations on 527 
patients admitted to the hospital and 
diagnosed as liawng disease not com- 
monh' considered to involve the liver. 
Again where more than one determi- 
nation was made on a subject the aver- 
age of these was taken as tlie reading 
for tiiat indivndual. The mean value 
of this series was 3.7 with a mean del- 
ation of 2.7. Figure 1 shows tlie dis- 
tribution of the results obtained on 
these 527 hospital admissions and com- 
pares tliem graphically with tlie dis- 
tribution of the normals. 

Se\’eral important facts should be 
noted; 

1. Tlie mean for this series closely 
approximates the mean for the normals. 

2. The curves for tlie 2 series are 
similar in contour, there being a slight 
shift to the right (liigher units) in the 
patients with disease other than liver 
disease. This .shift is probably caused 
In- the inclusion, in the second series, 
of patients with diseases which in some 
cases gave elevated readings during 
the acute phase (cf. Table 3). 

3. Again subjecting th*ese results to 
the theorv' of probabilities, it is appar- 
ent that they also conform to what 
might be ex]iectcd. in that 66% are 
in the range from 1.0 to 6.4 units of thy- 
mol turbidity (3.7 ±: 2.7), 93% within 
the range of 0.0 to 9.1 units (3.7 :± 5.4), 
and 99% wthin the range of 0.0 to ll.S 
units (3.7 ±: S.l). 

4. If we assume again that the nor- 
mal range is from 0.0 to 5.0 units, we 
find from Figure 1 that 20% of hos- 
pital patients with di.seasc other than 
liver tlisease will run an elevated thy- 
mol turbidity test. It would appear, 
therefore, that tiie tliymn! turbidity 
test e.m be used on routine hospital 
.admissions with disease other than liver 
dise.is/,- with .m e\}K'Cted accuracy of 


80% if we assume that all persons 
except tliose with liver disease should 
have readings below 5.0 units. 20% 
of such admissions wall show elevated 
readings for unknown reasons. 

In all, the thymol turbidity test was 
tried on more than 100 different dis- 
ease entities. Of tliese, 61 gave readings 
within the accepted normal range of 
0.0 to 5.0 units, and 39 gave one or more 
positive s'alues. Where there w'as more 
than one reading for a case, the average 
of the readings w'as taken and is sliown 
in Table 3. It is interesting to note the 
high incidence of positive readings in 
patients with secondary syphilis, in- 
fectious mononucleosis, sickle cell ane- 
mia in crisis, malaria, and virus pneu- 
monia. It would appear also that pa- 
tients with cardiac decompensation also 
have a higher incidence of positive 
readings than those who are compen- 
sated. 

Forty-one cases with many different 
kinds of neoplasms, with and without 
metastases, were examined. Nine of 
these show’ed some elevation (5.1 to 
12.7). The highest of these were ob- 
served in patients with extrahepatic 
biliary obstruction of long standing due 
to carcinoma of the common dnet, 
ampulla of Vatcr, or metastatic carci- 
noma in the porta hepatis. Ilow’cvcr, 
several cases of carcinoma of the stom- 
ach with extensive metastases to the 
liver dcmonstr.ated at autopsy w'cre re- 
peatedly tested and show’cd no eleva- 
tion of thymol turbidity or only a rise 
of one point just prior to death. Tlie 
lest is therefore of no value in detect- 
ing the presence of H%'cr metastases. 

^ic diseases in which no positive 
readings were oljtained arc listed in 
Table 4. In most of tliese only one or 
two patients per disease were examined 
so that tfie possibility of .some positive 
results in these diseases, given a large 
cnoii'.:h series of e.acli, must he enler- 
fained. 



ERNST, DOTTi: EVALUATION OF THYMOL TURBIDITY TEST 


321 


Table 3. Summahy of Results of Patients with Disease Not Commonlt' Regarded as 
Involving the Liver, But Whose Sera Gave Elevated Thymol Turbidity Values 


Disease 

Total 

Cases 

Fositive 

Cases 


— Readings of hidivxdnal-- 
Positive Cases^ 


Anemia 

5 

1 

(9 . G). 





Osteomyelitis 

1 

1 

( 8 . 7)4 





Subdeltoid Bursitis 

1 

1 

G.4 





Thrombocytopenic Purpura 

0 

1 

(12.9), 





Perirectal Abscess 

1 

1 

10.7 





Lupus Erythematosis 

2 

1 

(8.1), 





Amoebic Colitis 

a 

1 

5.5 





Intestinal Obstruction 

o 

1 

(G.G). 





Pilonidal Cyst & Sinus 

2 

1 

5.7 





Malaria in Crisis 

o 

2 

14.3 

( 14 . 0)2 




Paroxysmal Nocturnal 








Hemoglobinuria 

1 

1 

(7.C)c 





Arteriosclerotic Heart Disease 








with Decompensation 

17 

5 

(7.8)g 

(5.1), 

10.9 

C.2 

7.8 

Rheumatic Heart Disease with 








Decompensation 

14 

3 

( 8 . 0)7 

( 11 . 9)4 

( 7 . 8)4 



Rheumatic Heart Disease with- 








out Decompensation 

5 

0 

C.C 

(8.1), 




Coronary Occlusion 

18 

4 

6.5 

7.0 

5.5 

G.G 


Arteriosclerosis 

9 

4 

5.8 

12.3 

7.7 

8.2 


Hypertensive Cardiovascular 








Disease Decompensated 

13 

4 

(11.7), 

(13.1), 

( 5 . 8)3 

(c.o). 


Hypertensive Cardiovascular 








Disease not Decompensated . . . 

11 

3 

(8.2), 

5.4 

(0.2), 



Late Latent Syphilis 

33 

9 

9.3 

( 9 . 1)2 

9.0 

( 7 . 9)2 

(14.9), 




14.9 

13.3 

8.7 

(5.0), 


Secondary Syphilis 

9 

7 

5.4 

( 5 . 7)2 

G.7 

(7.G)c 

12.7 




5.1 

7.8 




Central Nervous System Syphilis 

28 

4 

5.8 

(0.5), 

(5.7), 

( 7 . 8)7 


Neoplastic Diseases with & with- 








out Mctastases 

41 

9 

5. 1 

7.3 

5.3 

G.O 

C.C 




C.9 

5.5 

9.3 

(G.7)g 


Acute & Chronic Alcoholics 

17 

3 

(9.5), 

( 7 . 0)2 

5.4 



Infectious Mononucleosis 

9 

8 

12.4 

7.4 

15. C 

8.4 





7.2 

11.2 

13.2 

13.9 


Acute Active Rheumatic Fever. 

3 

1 

(9.C)u 





Virus Pneumonia 

3 

8 

5.S 

( 0 . 7)2 

(5.7)t, 



Sickle Cell Anemia in Crisis 

3 

2 

(11.0), 

( 0 . 1)4 





Tuberculosis, Pulmonary and 
Liscwhere 


10 


3 


(5.2). 


5.4 (8.3)< 
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Tablk 3. — (Con/iiitied) 


Disease 

Total 

Cases 

fositire ■ 
Cases 


— Headings of Indiridual — 
PoAitirf Cases* 



Chronic and Acute Otiti.s Media . 

4 

1 

6.C 



Diabetes Mellitus 

17 


(C.O), 

(5.4): 


.Arthritis 

20 


5.1 

5.8 10.3 10.9 

12.0 



Thrombophlebitis 

3 

1 

(8.1)5 



Diseases of the Female Genital 
Tract 

14 

O 

(5.2). 

5.1 


Upper Respiratory Infection. . . . 

II 

O 

( 5 . 1)5 

(12.0), 


Nenrop.svchialric Disorders 

10 

4 

7.4 

(0.5): ( 5 . 7)1 0.7 


Fracture.s 

7 

1 

(9.4)s 



Gn.stroentcrilis 

19 

h> 

(5.7)j 

(5.4): 





Pneumococcus I’neumonia 

11 

3 

( 0 . 7)3 

(0.2), (17.2): 


Mtdtiple Sclerosis 

1 

1 

(O.-l), 



I'cplic Ulcer With & Without 
fJaslric Resection or other 
Operation 

10 

1 

(8.0)3 




* Sul)-ictfer indicates number of determinations on a case. 


T.vni.r. 1. ScMMAnv or Hkaiu.ts ok Patients with Disease Not Commom.v llEGAiiDEti as 
Invoovino the r^tVEU, and Whose Seha Gave Nohmau Thymoi. TuiimniTV Vaw.'es 


Disrnsr 


Total 

CaKe.t 


M ycliinidieiilitis ^ 

Sycii-niinin's Cliorea 1 

Myo-iitis 1 

Keratitis 1 

Vllergie Uliinitis i 

Varicose Veins willi and wiltioiit Ulcer 3 

Sulduxation of Shoulder 1 

Exostoses of I'eet 1 

intercostal Neiirnlitia ] 

I’ost-vnccination Enccfdialitis 1 

Jachsnniaii Epilepsy 1 

(Vrebcllar Ataxia 1 

(•eneralired Osteoporosis of Spine 1 

Acute (Jout I 

Schistosoniiasis. ] 

Ilemorrhi>id» .... 3 


tiyneconiasfia 

I.aeer.xtion of .‘■ciilp , 

I,.-uV;op,-ni.'i 

.\i hyl.xsi.-j of Oesoj)hacus 

Uiifistrir! ive ('alciiie IVrieardilis . , , 
Co'iirenit.s! ilr.art Disease , . 


.Artrri 
I),.. 

.tliro’Tie.s! [thvthm of Ife.art 


mlic Heart 

not Drcotljjx ns.alei! , 


Di.rfrt.tr 


Total 

(last* 


Es 


ilypertrr 


Congenital Syphilis 

Hernia 

Vnriou.s Ax’ilaininosc.s 

Various Kidney Diseases (except neophisnis) 

Urinary Tract Di.sea.scs 

RicfccUsial Diseases 

Thyrotoxicosi.s 

Acute and Chronic Sinusiti.s 

Diverticulitis and Divcrticulosis 

I’ldcbolhromliosis 

Chronic I’nncreatili.s 

Gastric Ilialu.s Hernia 

Non-specific Colitis 

Herniated Nucleus I’ulposus 

Hypothyroidism 

Hemolytic .laundiee 

Hypoproteinemia 

Elephantiasis (lilariasis) 

Enlarged Thymus Gi.and 

1st A ■ind Degree Rums 

Vineent'.s Gingivitis 

Appendicitis 

fiironie Rronchitis | 

Rronebirelnsis 

Rronrhial .\sthina J 

Early Latent .“Syphilis 

I'rirnary .s-'yphihs _ 

Dermatitis of I'arioiis Kinds - • 


K 

H 

5 

5 

r, 

f. 

t 

1 

1 

I 

i 

1 

I 

i 

1 

I 

I 

I 

I 

.1 
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D. Liver disease. The results of 
the thymol turbidity test in the pres- 
ence of liver disease are presented in 
Table 5. It is in these diseases, espe- 
cially the cases of infectious hepatitis, 
that the test is most useful. Of 37 pa- 
tients with infectious hepatitis, all 
showed some degree of elevation of 
the thymol turbidity. The test reaches 
its maximum at about the time of max- 
imum morbidity and just prior to the 
development of maximum icterus. 
Figure 2 represents graphically the 


course of the disease as it is usually 
portrayed with serial determinations of 
the thymol turbidity test. This is a 
composite curve derived by averaging 
the readings of 12 cases at comparable 
intervals along an 80-day follow-up. 
It will be seen that the test yields max- 
imum readings on about the 10th hos- 
pital day, which is usually about the 
14lh day of illness. In diis disease tire 
thymol turbidity remains elevated for 
long periods. In severe cases one 
frequently finds the test considerably 


Table 5. 

Summary 

OF Liver 

Cases 





Number 

Summarij of Positive Cases 


Number 

of 


Highest 

Loicest 


of 

Positive 


Single 

Single 

Condition 

Cases 

Cases 

A verage 

Observation Observaiit 

Homologus Serum Jaundice 

1 

1 

5.4 

8.0 

2.7 

Congenital Atresia of Bile Duct 

Toxic Hepatitis 

1 

1 

22.1 

26.5 

17.6 

4 

0 

6.9 

10.0 

8.6 

Parasitic Infection of Liver 

3 

1 

7.1 

8.6 

5.1 

Biliary Dyskinesia 

Carcinoma of Liver, Primary or Meta- 

4 

0 




static, Without Jaundice 

Carcinoma of Liver, Primary or Meta- 

3 

1 

5.1 

7.0 

3.0 

static. With Jaundice 

5 

o 

15.0 

25.4 

6.0 

Sub-hepatic Abscess 

Chronic Cholecystitis With Cholelithia- 

o 

o 

8.7 

15.6 

3.8 

sis. With Jaundice 

Chronic Cholecystitis, With Cholelithia- 

8 

c 

11.1 

24 o 

3.2 

sis. Without Jaundice 

Chronic Hepatitis 

18 

] 

6.7 



7 

7 

9.2 

16.5 

5.1 

Cirrhosis 

31 

oo 

10.3 

21.1 

5.1 

Infectious Hepatitis 

37 

37 

17.4 

33.1 

7.3 



Fig. 2.— Thjmol turbidity time curve, -\verage 12 cases. 
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elevated (13 units) one month after the 
diagnosis has been made and slightly 
ele\'ated for from 3 to 9 months there- 
after. The test does not correlate very 
well with tlie disappearance of jaun- 
dice and the improvement in the pa- 
tient's subjective findings. The jaun- 
dice may have disappeared and the pa- 
tient may feel quite M'ell while the 
thymol turbidity test is still elevated. 
This might mean (a) that the test is not 
a true measure of the function of the 
liver, or (b) that it is a very sensitive 
indicator of persisting liver damage. 
Experience of otlier workers^ who 
found residual inflammatory tissue in 
the periportal region in serial biopsies 
taken over a period of months follow- 
ing infectious hepatitis would indicate 
that the second interpretation above is 
probably correct. 


may be an indicah'on of the severity 
of tlie indi\iclual case. 

'The diagnosis of Laennec’s cirrhosis 
is frequently a difficult one. Maclagan* 
originally reported 13 positis'e thymol 
turbidity tests in 13 cases of cirrhosis 
with an average reading of 14.2 units 
and with a variation of ±2.0 units. 
On tlie basis of this report, it was hoped 
that we could demonstrate the useful- 
ness of this test in a similar series. 
However, in 31 cases of cirrhosis of 
the liver, only 22 showed positive de- 
terminations. The readings ranged 
from 0.6 to 21.1 units. That our re- 
sults were at x-ariance Math reports of 
other M'orkers became apparent early 
in the course of this investigation. 
Cases of cirrhosis M’ere, therefore, se- 
lected in which the diagnosis M'as sub- 
stantiated by autopsy, biopsy, peritonc- 


TAiier.O. CoMi'.xiiisoN or 'I'livMoi.TniiuniTr axd CKi’iiAMN-r!if)i.K‘in:m»i. Fi.occi i.ktion 1 r.srs 


Ccpiialin-Cholpslcrol . 


Flocculation Tc.st . — -1 — l-{- 

Tliyinol Turhidily 


(0.1 -.1.0 Units) . . , 
Tliyinol Tiirl)irlilv 

175 

4;i 

5,S 

(.S. 1-11.. I Units) . , 

50 

0 

r> 

Total Tests 

501 

S5 

50 

Percent 

.70 .7 

1.7 1 

SO 


Perhaps one good feature of the thy- 
mol turbidity test is the fact that it is 
graded in numerical units ranging over 
a M'ide scale. Tims, a patient M-ith an 
initial reading of 15 units mIio subse- 
quently has readings of. for example, 
JS, 20, 23. 27 may be .said to be eettimi 
M'orse. During recovery, the thymol 
turbidity can be seen to fall toward 
normal as. for example, from a high of 
20 to 21. 20. 1.3. 12. 10, 7. 3. etc. 'Htis 
gives a precise and graphic picture of 
recovery, 'i'lie long period of time 
during which positive tliymol turbidity 
tests are obtained is prob.ibly evid'-nce 
<>f the cbronicity of ftifecfious hepati- 
tis. The degree of elexation of the test 
during the .acige pli.ist- of the rlis''a*-c 


2-f- 


-t-f 

Totn! 

Ciifcs 

Pereent 

51 

IS 


5;}.7 

"S 1 

r> 

t 

i} 

70 

51 ,f> 

57 

SO 

fj Ti 

7 

i 0 

;i;iH 

100 0 

inn n 


o.scopy, or prolonged observation with 
repeated laboratory tests. No correla- 
tion betxvcen the degree of periportal 
fibrous tissue deposition and the de- 
gree of elevation of the thymol tur- 
iridity' test could be obtained. Somt; 
•additional factor superimposed upon 
tlu! cirrhosis, such as cardiac failure, 
acute hepatitis (toxic or infectious), 
porto-caval shunt, or uucoutrolled dia- 
betes mellitus xvas usually present in 
the csises in which the readings u'ere 
elevated. It would apjvar, then, tliat 
"cornpeusafed ' cirrhotics in which there 
is considerable periiiortal fibrosis with 
cdidorninal :iscites. but in whom the 
remaining liver p.ireneliyma is func- 
tuiniug afieqiiately for body n';eds. flo 
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not show an elevation of thymol tur- 
bidity. When, however, these remain- 
ing parenchymal cells are damaged by 
an infection or by a toxin (alcohol, 
sulfadiazine) or by anoxia (cardiac de- 
compensation), tlien die thymol tur- 
bidity test becomes positive and meas- 
ures the degree of dysfunction of the 
remaining parenchyma. A return of 
tlie test to normal readings indicates a 
retm-n of the cirrhotic to the “compen- 
sated” state. ' However, since the dis- 
ease is frequently accompanied by a 
clironic hepatitis due to alcohol or 
other deleterious agent, the thymol tur- 
bidity readings sometimes remain con- 
stantly elevated (6.0 to 12.0 units). 

One case of homologous serum jaun- 
dice gave elevated readings during the 
icteric phase of the disease, which re- 
turned rapidly to normal with the dis- 
appearance of the jaundice. Seven 
cases of chronic hepatitis all showed 
elevated thymol turbidity tests rang- 
ing from 5.1 to 16.5 units. These rases 
were classified as chronic hepatitis be- 
cause of die duration of symptoms and 
signs for more than 3 months and be- 
cause there was no history of ante- 
cedent infectious hepatitis. Three 
cases of toxic hepatitis due to chemi- 
cal poisons and one due to pneumococ- 
cus toxin showed elevated readings. 
These diseases may be grouped with 
decompensated cirrhosis and infectious 
hepatitis as examples of parenchy- 
matous liver disease, the degree of 
which is adequately measured by die 
thymol turbidity test. 

Of 3 cases of parasitic infestation of 
the liver, only die one with amoebic 
hepadtis gave positive findings. One 
case with schistosoma mansoni and one 
vath liver flukes gave normal findings. 

Metastatic carcinoma of the liver ha-; 
been discussed aboi^e. Primary carci- 
noma of die liver also gave equivocal 
results. Mfliere the tumor had ini'oli'ed 
die biliary tract to cause long-standing 


obstruction to the outflow of bile, the 
readings were usually elevated. A sim- 
ilar case of long-standing obstruction 
in an infant with congenital atresia of 
the bile ducts showed marked and per- 
sistent elevations. Where there was no 
obstructive jaundice the extent of re- 
placement of normal liver parenchyma 
could not be correlated widi elevated 
thymol turbidity readings. 

Two cases of subhepatic abscess 
widi jaundice and penetration into the 
liver gave positive tests. These were 
both secondary to duodenal ulcer and 
associated with generalized peritonitis. 

Four cases of biliary dyskinesia all 
had normal values. 

Of 8 cases of clironic cholecystitis 
with cholelithiasis and jaundice, 6 gave 
thymol turbidity readings varying from 
3.2 to 24.2 units, whereas 18 similar 
cases without jaundice gave only one 
positive test (6.7 units). Tlie diagnosis 
in these cases of cholecystitis witli 
cholelithiasis was substantiated either 
at operation or by cholecystograms. 
The presence or absence of biliary ob- 
struction again seemed to be an im- 
portant factor in the production of 
elevated tli>anol turbidity readings. 
The longer it persisted, the more 
marked the elevation. 

In order to compare the thymol tur- 
bidity test with a standard test of liver 
function used widely in hospital labora- 
tories, the cephahn-cholesterol floccu- 
lation test wms determined on as many 
of tlie persons tested with the tliymol 
turbidity test as possible. There W'ere 
338 such determinations on 308 appar- 
ently normal individuals. For the 
same series tliere w'ere 235 thymol tur- 
bidity determinations with readings of 
5.0 units or below% and 73 witli read- 
ings ranging from 5.0 to 11.5 units. 
These results are summarized in Table 
7. Examination of this table reveals 
that 21.6^r of apparently normal in- 
dividuals will chow’ a somewhat ele- 
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Tabu; 7. Patients Witiioitt Liver Disease. Comparison of Thtmoe TinmniTr 
AND CEPIIAEl.N-CnOLESTEROE pLOCCrUVTlON Tf.STS 


Cephalin-Cholcstcrol 


FloccuLilion Tc.sl. 
Thymol Turbiiiilv 

— 

+ - 

1-F 

■J-F 

3 + 

1+ 

Total 

Perrenl 

(0.1-.S.0 Units) . . . 
Thymol Tiirbiditv 

328 

n 

72 

7G 

51 

29 

0.03 

71.0 

(5.1-21.8 Units).. 

G5 

IG 

<:>>> 

33 

54 

55 

-45 

29.0 

Totals 

393 

GO 

94 

109 

lOS 

84 

848 

100.0 

Percent 

•1C. 3 

7.1 

11.1 

13.0 

12.7 

0.0 

100.0 


Table 8. Patient.s With 

Liver 

Disease. 

Comparison of Thymol 

Tckihditv ami 


Cephalin-Cholesterol Floccc 

LATION' 

T ESTS 



Cephalin-Chole.stcrol 
Flocculation Test. 
Thymol Turbiditv 

— 



1 + 

2 + 

3 + 

■t + 

Total 

Percent 

(0.1-5.0 Units) . . . 
'riiymol Turbiditv 

G1 

3 

8 

19 

IS 

11 

117 

24.5 

(5.1-3S.6 Unit.s).. 

30 

10 

19 

42 

91 

1C8 

3G0 

75 . 5 

Total.s 

91 

13 

27 

G1 

lOG 

179 

477 

100.0 

Percent 

19.1 

2.7 

5-7 

12.8 

oo o 

37.5 

100.0 



Table !). Comparison of Tiifmol TfRiiiuiTv and Cf.piiai.in pLoccfLATioN Tests in Patients 
Havino Liver Disease With and ^YITIIOl;T Ictf.res 


ictkihc jsdk.x sniniM, ictkiik' isnr.x 



Olstrufiion 

W ohterrnthn) 
on ] C eafr,i 

Sf^. pot. 54- 

So of>i(rur(ton 

29* obffrrnttont 
on tJt ratft 

SfJ. .'I-f. ■I'T' 

Obtirurthn 

13 of'trrrfjiion* 
on U rntf» 

Sfg. Pof, J-f- 

*Vo clttrurfion 

9$ ohffrrtiiiont 
on 3? catei 

Sf). Vof. i4* 








Drlrrmmationn 

n 33 JT 

'ii\ -iCfC iOH 

10 3 


35 50 

37 

IVrrrnl 

^5 73 rtl 

!) 01 71 

77 M 

H 

37 03 

30 

Tliyrnol Turl.it!)- 

0 D-J 0 5 . 1 fc Op 

0 0-3 0 5 1 & rp 

0. 0-5.0 

5.1 h rp 

0 0-5 0 

.7 1 J. fp 

t.V I)ctrf- 







niinalion* 

15 -eo 

:t \ 450 

u 

4 

,71 

n 

rrrrrnl 

Si cfi 

!4 hs 

HI 

10 

10 

5( 


v.itod thymol furbiclity test. As we 
have seen previously, the theory of 
jirohahililies would lead us to expect 
at least this ]>er cent of normals to show 
flesated readinus. Similarly, if we 
assume that any degree of flocculation 
above plus or minus, which is an equiv- 
ocal readiim. is a positive cephalin 
cholesterol flocculation te.st, we again 
find that of normals have a [losi- 

fivt‘ test. However. Lahhy, Shank', 
Knnke! and f foagland,’ in discussing 
lirrhnsis. have concluded that floccii- 
l.itions from tt to 2 --- are normal. If 
this he true, then only 8.5'^- of normals 
in oor series xieldcd jyisitjve Hanger 
tests, lliis m.iy inditvite th.it the 


Hanger test is considerably more ac- 
curate (Ql.O/r) than the thymol lur- 
liidity test, or that the latter is a more 
sensitive indicator of snhclinical liver 
dysfunction. Probably the explanation 
for this discrepancy between the two 
te.sts lies in the difference in the eheiri- 
ical reactions involved and is fnrtiier 
evidence of this difference. 

Similarly, there were SIS ohsena- 
tions on oOS hospital patients without 
apparent liver disease-. For this same- 
group of patients, fitH thymol turbidity 
tests yielded readings of •'5.0 units or 
below, and 2}o yielded readings rang- 
ing from 5.1 to 21. S. 'fable i siini- 
marizes the resuit.s in this si-rii-s. Tab!'- 
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7 again shows that 29% of patients 
sick in hospital with diseases not 
ordinarily associated with the liver will 
give elevated thymol turbidity readings. 
Likewise, 22.6% of tliese patients will 
have a 3+ or 4+ Hanger and 46.7% 
will show some degree of flocculation. 
Here again, if we accept the criteria 
of Labby, Shank, Kunkel and Hoag- 
land, the Hanger test would appear 
more accurate. On tlie odier hand, it 
cannot be said of the thymol turbidity 
test carried out in tlie manner herein 
described that it lacks sensitivity. We 
believe that the method using the 
photoelectric colorimeter makes the 
test a highly sensitive one at pH 7.8 
and that it can be thus used as a vdu- 
able, quick and easy screening test for 
Ijotential liver dysfunction. The not- 
able exceiDtions as pointed out above 
are “compensated” cirrhosis of tlie 
liver or metastatic carcinoma of the 
liver. These diseases may show nor- 
mal tliymol turbidity readings. 

Likewise tlrere were 477 observa- 
tions on 124 patients with various kinds 
cf liver and biliary tract disease. For 
tliis same series of observ^ations there 
were 117 tliymol turbidity determina- 
tions below 5.0 units and 360 deter- 
minations ranging from 5.1 to 38.6 
units. Table 8 shows the results in 
this series. Inspection of Table 8 re- 
veals tliat 24.5% of patients sick witli 
liver or biliary tract disease will have 
negative thymol turbidity readings. 
Likewise, 19.1% will show a negative 
Hanger test, and if we consider only 
the 3+ and 4-1- results as significant, 
40.3% of patients within tliis group 
will show a negative determination. 

This large and heterogeneous group 
of liver and biliary tiact disease was 
dierefore sorted into those with ele- 
vated icteric inde.v and those ivith no 
elevation of icteric inde.v; each of tliese 
categories was further diiided into 
those with obstruction demonstrated 


at autopsy or at operation and those 
with no obstruction. The results of 
this analysis are presented in Table 9. 

It is apparent that in the presence of 
an elevated icteric index both tests are 
generally positive, whetlier the icterus 
is due to hepatocellular damage or to 
biliary tract obstruction. Perhaps the 
duration of the obstruction or the de- 
gree of biliary stasis and back pressure 
determine whether or not die tests are 
positive in the presence of obstruction. 
This is suggested by the present study, 
but die data available are insufficient 
to make diis assertion. When only the 
cases with 3-f or 4-f Hanger tests and 
with jaundice are examined, it is evi- 
dent that die majority again have posi- 
tive tests, 61% with obstruction and 
71% without obsti'uction {i.e., widi 
hepatocellular disease). 

The cases widi no jaundice in gen- 
eral show normal readings in the ob- 
structed group which consisted largely 
of cases of cholecystitis who entered 
the hospital widi an attack of biliary 
colic and at operation were found to 
have an acute obstruction due to com- 
mon duct stone. Presumably die ob- 
struction had not existed long enough 
to cause hepatocellular damage or dys- 
funedon and therefore caused no 
change in die diymol turbidity or 
Hanger test. The cases without ob- 
struction and widiout jaundice are less 
clear cut. This is to be expected, since 
many in this group were chronic hepa- 
titis, chronic cholecystitis without 
stones, mild hepatitis, or cirrhosis with- 
out jaundice. The cases of chronic or 
mild hepatitis showed slight elevations 
and die cirrhotics negative or positive 
readings according to the degree of 
hepatic compensation. Tlie cases of 
cholecystitis all showed negati\’e Han- 
ger and negati\-e diymol turbidity tests 
and might be considered to have no 
liver disease, die inflammation being 
confined to the gall bladder. There 
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were no stones present in the common 
duct in any of tliese cases. 

Figure 3 is an attempt to summarize 
graphically the relationship between 
tlie th>TnoI turbidity test and the Han- 
ger test in cases of li\’er or biliary tract 
disease. It w'll be seen that in gen- 
eral the two tests parallel each other. 
When the Hanger test is definitely ele- 
vated, the tliymol turbidity test wll 
also be elevated, regardless of the spe- 
cific type of liver disease. Since the 
Hanger test is generally recognized as 
i' reliable indication of parenchymal 
liver dysfunction, it may be concluded 


diseases in this group gave fairly per- 
sistently elevated readings. These 
were infectious mononucleosis (S of 9 
cases), virus pneumonia (3 of 3 cases), 
sickle cell anemia in crisis (2 of 3 cases), 
secondary syphilis (7 of 9 cases), ma- 
laria in crisis (2 of 2 cases), and par- 
o.xysmal nocturnal hemoglobinuria (1 
of 1 case). 

3. Of 477 determinations on 124 pa- 
tients with liver or biliary tract disease, 
360 or 75.5% showed thymol tnrbiclRy 
readings ranging between 5.1 and 38.6 
units. The highest readings were ob- 
tained in the cases of non-obstructive 
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from Figure 3 that the thymol turbidity 
lest is also a .sali.sfactory measure ol 
hepatocellular disease. 

Surninarj’. 1. The thymol turbidity 
lest using a photoelectric colorimeter 
and standards of barium sulfate with 
a thymol buffer of pH 7.8 was deter- 
mined on .500 apparently normal in- 
dividuals. The mean value was 3.2 
units with a nvan deviation of l.S 
units. 

2. On .527 hosjiit.rl patienis sick with 
r". er 100 difierent tlis<-ascs, not usu- 
ally ci)n'.i<hTc! to involve the liver, 
th'- tri'-an s.du'' was .'>.7 units, with a 
re-'.ui i.ition of 2.7 units. Oertain 


jaundice, especially infectious hepa- 
titis. where seiial determinations gave 
a graphic picture of the course of the 
disea.se. 

4. Tlie thymol turbidity test read- 
ijigs usiially parallel the readings of 
the cephalin cholesterol flocculation 
test in c;rses of parenchymal liver dys- 
function. It is felt that this test is a 
s<msitive. quick, and easy screening 
test for such disorders. 

•5. llefrigcralion over long [vriods 
and the ing<*>tir.n of a me.il have liOh- 
#4fcct f>n sera tc.sted with the thymol 
tiirhidity test. Inaefivatirm by heat- 
ing sera at 50 ( 1 . for 30 minutes lou- 
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crs the thymol turbidity readings suf- 
ficiently to make them inaccurate. 

Acknowledgement is made of the co- 
operation of the medical and nursing 
staffs of the hospital. The writers also 


wish to acknowledge gratefull)' the able 
assistance of Miss Stephanie Ilka and 
Miss Louise Kelcec and their co-workers 
in the laboratory and of Mr. Albert De 
Natale and assistants of the blood bank. 


REFERENCES 

1. Cohen, P. P., and Thompson, F. L.; J. Lab. and Clin. Med., 32, 475, 1947. 

2. Dodds, D, C.: Calif. Med., 66, 125, 1947. 

3. Labby, D. H., Ku'nkel, H. G., Shank, R. E., and Hoagland, C. L.: J. Am. Med. Assn., 
133, 1180, 1947. 

4. Maclagan, N. F.: Nature, 154, 670, 1944; Brit. J. Exp. Path., 25, 234, 1944. 

5. Mateer, J. G., Baltz, J. I., Comanduras, P. D., Steele, H. H., and Brouwer, S. W.: Gas- 
troenterology, 8, 52, 1947. 

6. Mateer, J. G., Baltz, J. I., Steele, H. H., Brouwer, S. W., and Colvert, J. R.; J, Am. 
Med. Assn., 133, 909, 1947. 

7. McCord, C. P., Kline, L, L., and Williams, P. E.; Indust. Med., 14, 835, 1945. 

8. Neefe, J. R.; Gastroenterology, 7, 1, 1946. 

9. Neefe, J. R., and Reinhold, J. G.: Science, 100, 83, 1944. 

10. Hanger, F. M.: J. Clin. Invest., 18, 261, 1939. 

11. Recant, L., Chargoff, E., and Hanger, F.: Proc. Soc. Exp. Biol, and Med., 60, 245, 1945, 

12. Shank, R. E., and Hoagland, C. L.: J. Biol. Chem., 162, 133, 1946. 

13. Watson, C. J., and Rappaport, E. M.: J. Lab. and Clin. Med., 30, 983, 1945. 



THE SICKLE CELL TRAIT: 

INCIDENCE AND INFLUENCE IN PREGNANT COLORED WOMEN 
By PAUL K. SWITZER, M. D. 

TEACHING FELLOW IN MEDICINE 
AND 

HEYWARD H. FOUCHE, M. D. 

TEACHING FELLOW IN OBSTETRICS AND GYNEOLOGY 

CHARLESTON, SOUTH CAROLINA 

(From the Departments of Medicine and of Obstetrics and Cjmecology of the Medical Collepie 
of the State of South Carolina, and of the Roper Hospital) 


Sickling of the red blood cells is a 
hereditary abnormality found in the 
colored race. It is transmitted as a 
dominant Mendelian factor.’®'’*--® It 
e.vists in two forms; (1) sicklemia, in 
which there is sickling of the cells, but 
no evidence of blood destruction or 
increased rate of regeneration, and (2) 
sickle cell anemia, in which there is 
sickling but also there is active blood 
destruction and such evidences of in- 
creased regeneration as reticulocytosis 
and nucleated red cells. Various in- 
vestigators estimate the ratio of sickle 
cell anemia to sicklemia from 1:9 to 
l:dO. Tlie relationship of the two 
forms is not clear. Individuals with 
(he trait are known to go through life 
without ever showing the anemia. The 
active form, if it develops, usually be- 
gins in the first two decades of life. 
Once the blood destructive process is 
activated, it does not disappear. Wint- 
robe reports that he has ob.servcd 
remissions but never to the c.xtent that 
there was no evidence of blood des- 
truction. 

A review of the literature shows no 
reports of studies on the occurrence 
of pregnancy in patients w-ith sicklemia 
nor of the effects of pregnancy in 
sicklernic patients. Tliere have been 
several reported studies of patients 
with true sickle cell anemia associated 
with pregnancy. ■" Tlie prognosis 
has been observed to be poor for both 
mother and child. When the preg- 
( 3 . 10 ) 


nancy is complicaled by the active 
anemia, it has been suggested that 
patients with the active anemia arc 
less fecund and show a higher inci- 
dence of abortions than the normal 
patient. ’* 

A study w'as therefore undertaken to 
determine first, Uie incidence of tlie 
sickle cell trait in pregnant colored 
w'omen; and second, the effects that 
the trait might have on the course of 
pregnancy. We also wished to deter- 
mine w'hether pregnancy might acti- 
vate a blood destructive process in the 
patient with the trait. 

Subjects and Methods. Five-hundred 
consecutive colored p.-itients in the ob- 
stetrical out-patient department and on the 
obstetrical ward of Roper Hospital were 
examined for the sickle trait. As control 
2-50 colored females of childbearing age 
and 250 adult colored males w-ere also 
studied. The control groups w-cre com- 
posed of hospital employees and patients 
on the medical ward and in the out-pat- 
ient clinics. 

A drop of blood obtained from cacli 
patient was placed on a clean glass slide, 
a cover slip superimposed, air w.is ex- 
pressed and the preparation scaled W'itli 
melted paraffin. Microscopic cxamin.afioii 
for evidence of siclding was mafic itn- 
mcdiately. The preparations were then 
put in an incubator at 37° C, and ob- 
scr\‘cd at 21 hour intervals for a total of 
72 hours. E\'cry slide was e.xarnined hy 
each author, ,N’o slide was rcporlcd as 
positive unless both ngrcefl that sichling 
svas pre-sent. 
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A further control group of 105 consecu- 
tive colored patients delivered in the 
hospital was studied for the incidence ot 
certain obstetrical complications. It 
should be noted that, in general, only 
patients who present some abnormality 
are admitted to the hospital. Uncompli- 
cated deliveries are usually handled by 
the out-patient department. 

Results. The incidence of the sickle 
cell trait in gravid colored women and in 
the control groups is shown in Table 1. 
One of the pregnant women was found 
to have mild but definite sickle cell anemia. 

Twenty-two of the patients with the 
sickle cell tiait (sicklemia) were admitted 


obstetiical patients seen in other parts of 
the United States. 

Obstetiical histories were obtained 
from 56 of the sicklemic patients. This 
group had experienced 143 term deliv- 
eries and averaged 2.55 living children 
each. One patient had gone through 8 
normal pregnancies. Obstetrical histories 
were obtained from 200 gravid women 
who were proved not to have the sickle 
trait. In this group there had been 478 
term deliveries with an average of 2.39 
living children each. 

In the 56 sicklemic patients there were 
22 abortions for an average of 0.39 each, 
as compared with 80 abortions in the 200 


TABLE 1. 


Incidence of Sickle Cell Trait in Colored Persons at Roper Hospital 


No. examined 

No. with Sickle Cell Trait 
Percent with trait 


Adult 

males 

Non-gravid 

females 

Gravid 

females 

Total adults 

250 

250 

500 

1,000 

33 

36 

71 

140 

13.2 

14.4 

14.2 

14.0 


TABLE 2. 


Incidence of complications of pregnancy in sicklemic patients as compared with other 
gravid patients in Roper Hospital and as reported in Standard texts. 


Anemia (hemoglobin) 

Hemorrhage 

Premature labor 

Toxemia 

Stillborn 

Morbidity 

Abortion 


Average 
as reported 

Non-sicklemic 

Sicklemias 
(22 pts. studied on 

in standard 

gravid cases in 

Obstetric Ward, 

texts 

Roper Hosp. 

Roper Ho.spital) 

10 gm. = 

10.4 gms. 

10.41 gms. or 70% 

5-7% 

2.8% 

0 

2.95% " 

13.4% 

9.1% (2) 

10% “ 

22% 

20% (5) 

2.41 

11.4% 

4.5 (1) 

10.5% " 

18.1% 

4.5% (1) 

20% ” 

64 in 394 

10 in 83 pregnancies 


(16.2%) 

(12%) 


to the hospital and were followed to the 
termination of pregnancy and through 
tlie puerperium. At least one complete 
blood count, icterus index and reticulocyte 
count was done on each patient before 
labor and after delivery. X-rays of tlie 
skull were obtained on most of tliem as 
well as electro cardiograms. None of the 
patients showed any evidence of increased 
blood destruction either clinically or by 
laboratory determinations. The fall in 
red blood cell count and in hemoglobin 
after deli\'ery was not abnormal. 

In Table 2 we have listed tlie incidence 
of certain abnormalities found in the 
group of 22 sicklemic patients dehvered 
in the liospital as compared with a control 
group from the same hospital and with 


non sickle cell patients or an average of 
0.40 each. 

Discussion. The incidence of the 
sickle cell trait in the American Negro as 
reported by many investigators shows a 
fairly wide variation. Diggs, et ah'* re- 
ported an incidence of 8.3 in some 
2,539 e.xaminations in Tennessee. He 
and bis co-workers used a technique sim- 
ilar to that used in this study. They point 
out tliat tliere is a far greater tendency 
to report doubtful slides as negative than 
as positive. Hansen-Pruss' reported an 
incidence of 14% in 100 cases studied in 
North Carolina. Beck and Hertz^ reported 
an incidence of 13% among Negroes 
studied in Pennsylvania, 
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It should be noted that special tech- 
niques ^%'e^e used in these studies. Tom- 
linson'^ reports an incidence of 8.2% in 
3,000 Central American Negroes. His 
study is based partly on autopsy material 
and partly on wet sealed preparations. 

The Negroes of the Charleston area 
like most of tliose in North America are 
for the most part descended from na- 
tives of W^est Africa. In general, these 
Africans came from certain fairly re- 
stricted areas lying in the coastal belt of 
W^est Africa and tlie Congo.® It would 
be purely speculative to say that the 
Negroes in this area of the United States 
represent a purer strain than those in 
other regions. The few studies of the 
trait in Africans report a much higher in- 
cidence there than in the New World. 
Evans® reports that the sickle cell trait 
was found in some 19.9% of a group of 
West African soldiers. 

In a smaller group of Gambians, Evans 
found sickling in 22% of the males and 
in 13%! of the females. Wintrobe-® says 
that there is no difference in the inci- 
dence of the trait in the two sexes. Tom- 
linson®' on the contrary reports an in- 
cidence of 11.35'/c in the female and 
7.3% in the male. Our studies as shown 
in Table I show no appreciable differ- 
ence in the incidence of the trait in males 
01 females whether gravid or non gravid. 

As far as we can determine, sicklemia 
does not prevent conception nor does it 


interfere with normal pregnanej’ and 
labor. It is our impression that the sick- 
lemic patient does not differ from the 
usual colored obstetrical patient seen in 
tliis area and as a group show no more 
anemia tlian tlie average of other obstet- 
rical cases (Table 2). 

One of our patients was found to have 
active sickle cell anemia of a mild t>pe. 
It was not known whether this existed 
prior to her pregnancy. In none of the 
22 cases of sicklemia obser\’ed in the hos- 
pital was a blood destructive process 
initiated by pregnancy. 

Summary and Conclusions. 1. Tlie 
sickle cell trait was found in 14.2% of 
500 gravid colored women in the Charles- 
ton, South Carolina, area. 

2. The sickle cell trait was found in 
14%i of 250 non gravid colored females 
of childbearing age, and in 13.8% of 250 
adult colored males. 

3. The sickle cell trait was found m 
14% of 1,000 adult colored persons. 

4. Of 71 pregnant females with the 
sickle cell trait, 1 was found to have mild 
sickle cell anemia, a ratio of 1:71. 

5. Sicklemia docs not interfere with 
conception nor with normal prcgn:mcy 
and delivery. 

6. Pregnancy did not activate a blood 
destructive proce.ss in 22 sicklcmic pa- 
tients observed through the last trimester 
and during labor and the puerperium. 
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In the past two decades, significant 
advances in both diagnosis and ti-eat- 
inent of pulmonary disease have been 
made. Numerous clinical reports of 
pathologic lesions, heretofore largely 
demonstrated only at autopsy, have 
appeared in the medical literature. The 
increasing clinical awareness of tlie 
tyjpes of pulmonary tumors to be re- 
viewed suggests an increasing interest 
in, and importance of, this subject 
botli to the general practitioner and tlie 
specialist in medicine. 

Hamartomas. According to Al- 
brecht,® who first used tlie term, a 
“liamartoma” (from tlie Greek, mean- 
ing a failm'e or error) is a tumor-like 
malformation in which occurs actually 
only an abnormal mixing of the normal 
components of tlie organ. The abnor- 
mality may take tlie form of a change 
in quantity, arrangement, or degree of 
differentiation, or maj’’ comprise all 
tliree. The deduction to be drawn from 
the histologic examination of tliese for- 
mations is tliat they have originated in 
an abnormal mixing of the elements or 
from a disturbance of tlieir develop- 
ment. 


The 2 types of hamartoma of tlie 
lungs to be reviewed are the so-called 
chondroma and hemangioma. 

Chondi-oma. Small, so-called chon- 
dromas of tlie lung are occasionally 
encountered as incidental findings at 
autopsy or as accidental findings in 
routine X-rays of tlie lungs. Their 
incidence varies, Altmann® reporting an 
incidence of 1 in every 475 autopsies, 
McDonald et al.,^* 1 in 398, whereas 
Edhng®® reports 1 in every 215 cases 
coming to necropsy. Ordinarily, so- 
called chondromas vary from a few 
millimeters to 3 to 4 cms. in diameter, 
but a few tumors varying from 5 to 
15 cms. in diameter have been encoun- 
tered. The smaller tumors rarel}', if 
ever, produce clinical symptoms; the 
occurrence of relatively large intra- 
pulmonary cartilaginous tumors which 
produce clinical symptoms is distinctly 
uncommon. 

So-called chrondromas usuallj' lie in 
subpleural position and rarely, accord- 
ing to Peters,'’® in hilar position. Tliey 
may ei'en lie in tlie pleural space and 
be attached by a pedicle to tlie pleura. 
These tumors, in the gross, are firm and 
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dense, and may be of stony hardness. 
They are somewhat lobulated, usually 
encapsulated and sharply demarcated 
from the lung. They are bluish-grey 
to white upon section and may be ir- 
regularly lobulated by traversing septa. 

\Vliile the main portion of so-called 
chondromas may consist of cartilage, 
they are not pure cartilaginous tumors 
but contain abnormal mi.\'tures of ele- 
ments normally encountered in bron- 
chial wall. As early as 1883, Chiari 
(quoted by Hickey and Simpson^® and 
Edling-^) noted the presence of fat and 
glandular elements in so-called chon- 
dromas and suggested the term “lipo- 
chondro-adenoma,” Thus, in these 
tumors, there have been described cili- 
ated epithelium, glandular epitlieh'um, 
connective tissue, muscle, fat, and 
l}Tnphoid tissue. Tlie cartilage may be 
calcified, or even ossified; and, at times, 
osteoid and my.\omatous tissue may be 
present. In 1904, Albrecht^ defined the 
general concept of hamartomas (see 
above) and so-called chondromas have 
since been commonly designated as 
hamartomas or, more properly by 
Goldsworthy,^- as hamartoma chon- 
dromatosum pulmonis. 

In 1926 Hickey and Simpson^" re- 
viewed the subject and collected 38 
cases of chondromatous tumors of die 
lung from the literature, to which they 
added 2 of their own. In 1929 Bayer“ 
reported 5 cases, and in 1931 Klages'' 
reported another. By 1932 Verga"'* had 
collected 61 cases, of wliich 3 were 
In's own. In the same year Peters'’® re- 
jiorted an additional case, and Ben- 
ninghoven and Peirce" added 2 cases, 
only 1 of which contained cartilage. 
Suhseciuently. Jaeger'* reported 5 cases, 
and 1 each were added by Lin'ng- 
stnn.' ' Edline.-' Roux-Berger and De- 
broise,'’ and Mallory."' In 1915, Mc- 
Donald. Harrington and Clagett,"' in a 
review of the material at the Mayo 
Glinic, discovered 2^3 cases of ham.ar- 


toma, 20 of which were found at au- 
topsy and 3 of which were removed 
surgically. In all of tlieir cases various 
components of bronchial wall, in addi- 
tion to cartilage, were found. 

Most so-called pulmonary chondro- 
mas are silent because of their usually 
small size and intraparenchymal posi- 
tion. In Klages’^' case, the first in 
which tlie diagnosis was made roent- 
genologically and confirmed by histo- 
logical examination of the surgically- 
removed specimen, the patient was free 
of symptoms. Similarly, in 1 of the 
2 cases reported by Benningho\'en and 
Peirce® which was removed surgically, 
no symptoms were present. In only 1 
of the 3 cases reported by McDonald 
et al.^' in which surgical removal was 
performed were symptoms present, and 
these consisted of dyspnea on exertion 
and a burning sensation in the anterior 
portion of the thorax. In Mallory’s'^ 
case, where the hamartoma was re- 
moved surgically, symptoms were pres- 
ent. However, when hamartomas grow 
large they may, by external pressure, 
impinge upon and narrow a major 
bronchus to produce signs and symp- 
toms not unlike those associated wtli 
bronchial obstruction due to carcinomin 
as noted by Simon and Ballon.®® 

From a purely theoretical point of 
view, tliere is no valid reason why a 
hamartoma or any other congenital 
malformation may not, under certain 
conditions, show malignant changes. 
It is curious, however, tliat this is ex- 
tremely rare in cases of hamartoma 
chondromatosum pulmonis. Green- 
span^= reported a unique case of pul- 
monary osteochondrosarcoma which 
showed locally invasive features. It 
is probable that the origin of this tu- 
mor was from a hamartoma, althougli 
no epithelial-lined structures were 
noted. In the case reported by .Simon 
and Ballon’’" microscopic areas indis- 
tinguishable from malignant tumor and 
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local invasion were also seen. No 
nietastases from .pulmonary chondro- 
mas have even been reported. 

It is interesting to note that so- 
called pulmonary chondromas are not 
unique in man, but have been observed 
by Casper^^ in domesticated animals. 

Endobronchial tumors composed of 
cartilage have been reported by David- 
son,"” Cracovaner,^® Gebauer^’^ and 
Moore,®® but these all- appear to be 
simple ecchondromas arising from 
cartilaginous rings of the bronchi. 
They are covered by the epithelium of 
the bronchus but contain no other ele- 
ments of bronchial wall, and are not, 
therefore, true hamartomas in any 
sense. Apparently, however, true endo- 
bronchial hamartomas do occur. Ul- 
rich"® reported an endobronchial fibro- 
myxochondrolipoma which had been 
removed surgically. He takes the point 
of view that any polypoid inhabronchial 
tumor containing cartilage and other 
tissues normally found in bronchial 
wall is a time hamartoma. He quotes 
Lindgreens as having discovered 9 
other such cases in the literature. Sim- 
ilarly, Paul®® reported a polypoid intra- 
lumenal myxochondroma which showed 
septa dividing a cartilaginous tumor 
containing ducts, cylindrical epithe- 
lium, elastic fibers and lymphoid tissue. 
This tumor fulfills the definition of a 
hamartoma. 

Hemangiomas. Pulmonary heman- 
giomas, like their counterparts in the 
liver and in other organs, are hue ha- 
martomas, representing an alteration 
in quantity and arrangement of nor- 
mally occurring structures of that par- 
ticular organ, ^^^lereas hemangiomas 
of the liver are frequently encountered, 
the pulmonary hemanigoma is ex- 
tremely rare. Most general textbooks 
of pathology do not even mention tlje 
occurrence of this hamartoma of the 
lungs. Only Roussy and Lerou.x®^ 
mention hemangioma of the lung, while 


Henke and Lubarsch®® refer to a case 
described by de Lange and de Vries- 
Robles.®^ The first reported instance 
of this condition appears to be that of 
Wilkens.^® An idea as to the rarity of 
this lesion can be obtained from the 
statement of Adams, Thornton and 
Eichelberger,® who saw only a single 
example in 240,000 admissions to tlie 
University of Chicago clinics. Bow- 
ers” reported a single case and found 
no other instance in a search of 23,897 
autopsy records, while Hepburn and 
Dauphinee®’ record only a single in- 
stance in the pathologic records of the 
Toronto General Hospital. Sisson, 
Murphy and Newman’^ found only a 
single example in 19,415 autopsy rec- 
ords of the Johns Hopkins Hospital. 

In spite of the infrequency of this 
hamartoma, a number of cases have not 
only been diagnosed correctly clinically 
but have also been operated upon, and 
these lesions have been successfully re- 
moved witli amelioration of symptoms. 

In 1923, de Lange and de Vries- 
Robles®^ described 2 hemangiomas in 
the left upper and right upper lobes, 
respectively, occurring in a 2% mondi 
old infant at autopsy. This infant pre- 
sented no distinctive symptoms and 
the lesions were unexpected findings. 
The tumors measured 3.0 and 1.5 cm., 
respectively, in diameter, and were 
purple in color. Histologically, they 
were hemangiomas of the capillar}' 
type. In 1936, Bowers” reported the 
case of a new-born child who became 
exti-emely dyspneic on the 2nd day 
and developed a hemorrhage into the 
pleural cawty. At autopsy, numerous 
raised, bluish-purple areas were found 
at the base of the right lung. Similar 
lesions were found in tlie left lower 
lobe. Histologically, the picture was 
that of a hemangioma. 

In 1938, Rodes®® observed a young 
man, 2o years old, who had clubbing 
of the fingers, cyanosis and polycy- 
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themia ranging behveen 7.1 and 7.5 
million red blood cells per cu. mm. 
Tliis man died suddenly from a mas- 
sive pulmonary' hemorrhage following 
an automobile ride. At autopsy, 3 
purplish tumors were found in tlie 
lungs; 1 in the right middle lobe, meas- 
uring 6 cm., 1 in the right low'er lobe, 
measuring 2 cm., and another in the 
left low'er lobe, measuring 6 .\ 3 .x 2 cm. 
All tliese, upon microscopic examina- 
tion, proved to be large, cavernous, 
blood-filled spaces lined by endothe- 
lium. In this case a number of pe- 
culiar shadow's had been noted in the 
X-rays of the lungs. Tliese X-rays W'ere 
submitted to Hirsch,^- w'ho, in 1936, 
had noted similar shadow's in the lungs 
of patients suffering from polycythemia. 
It w'as his opinion that the shadow's seen 
in Rodes’“® cases w'ere similar to the 
ones he had described. In the same 
year Edw'ards and Taylor=® published 
3 cases of w'hat they called vascular 
endothelioma. Only tlielr case No. 2 
appears acceptable on the basis of the 
microphotographs. This case con- 
cerned a 26 year old female w'ho de- 
veloped hemoph'sis. No clubbing of 
fingers, cyanosis or polycythemia w'as 
present. Lobectomy w'as successfully 
performed. 

In 1939, Duvoir, Picot, Pollct and 
Gaultier-' reported briefly upon a 12 
> ear old girl who show'ed shadow’s in 
the X-rays of the lungs. Tlicre was no 
history of cyanosis, clubbing of the 
fingers or polycythemia, and at au- 
topsy a hemangioma was found in the 
left lower lobe. In the same year. 
•Smith and Horton'- ob.served a ^0 
year old male with polycythemia, club- 
biim of the fiimcrs. cyanosis and vari- 
able degrees of dyspnea and \-erligo. 
X-ray showed a lesion in the right 
lower lohe, ov(‘r whicli a bruit was 
h<‘ard. .A radio-oparjuc substance was 
injected into the basilic scin and siil>- 
sf'iuent X-ra\s revealed 2 dilated ves- 


sels in the right hilum communicatin 
witlr tire parench)'ma of tire right lun 
w'here the bruit w'as heard. These in- 
vestigators regarded this lesion from a 
physiologic point of view' as an arterio- 
venous fistula of the lung, w'hich they 
felt W'as a hemangioma anatomically. 
This patient apparently is- still ali\e. 
No operation w'as performed. 

Plant,®’ W'ho reported 2 cases of he- 
mangio-endothelioma of the lung in 
1940, W'as of tire opinion tliat these 
tumors represented malformations of 
pre-e.\isting blood vessels. In one of 
his cases marked endothelial prolifera- 
tion almost to the point of neoplasia 
W'as observed, and in this case there 
was clubbing of tire fingers and cya- 
nosis. His 2nd case, also in an adult, 
W'as a small subpleural hemangioma 
found incidentally at autopsy. 

In 1942, the 1st case to be diagnosed 
correctly clinically, and in w'hich the 
lesion w'as removed surgically, w'as re- 
ported by Hepburn and Dauphinee.'” 
Tliis patient w'as a 23 year old male 
who had clubbing of the fingers, cya- 
nosis and polycythemia. X-ray re- 
vealed a shadow' in the right lower 
lung field, over which a bruit was 
heard. A right pneumonectomy w'as 
performed, w'hich operation w’as later 
reported by Shenstone,®® and in the 
surgical specimen a purple, vascular, 
cavernous hemangioma, measuring 
8x6x4 cm. was found. Several 
months after the operation the cyano- 
sis, polycythemia, and the clubbing of 
the fingers had disappeared. 

Goldman’s-'* case concerned a male 
22 years of age with clubbing of fin- 
gers. cyanosis and polycythemia. La- 
ininograms showed a shadow in flie 
left lung field, which, by kyrnograijln'c 
.studies, revealed in the zone of density 
an intrinsic pulsation which was 
synchronous with that of the pulmon- 
ary artery, llie patient refused pneii- 
monecloiny at this time, and tiu; dim'- 
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cal diagnosis was cavernous heman- 
gioma acting like an arteriovenous 
fistula. This patient was subsequently 
operated upon successfully. In a 
brother 32 years of age, a similar lung 
lesion was diagnosed by Goldman.®® 
These 2 cases formed tlie basis of a 
subsequent report in which Goldman®^ 
pointed out the relationship of other 
hereditary vascular diseases to arterio- 
venous fistula of the lung. He is of 
the opinion that cavernous heman- 
gioma of the lung is a congenital in- 
herited anomaly and represents a va- 
riety of hereditary hemorrhagic telan- 
giectasia. 

Hemoptysis, without polycythemia or 
clubbing of the fingers, may be the 
presenting symptom, as in the case 
reported by Janes.^® In this 30-year- 
old male X-ray showed shadows in both 
the left and right lungs. This patient 
had partial lobectomies performed. At 
tlie first operation a tumor “as large 
as a hen’s egg” was removed from the 
right middle lobe. At tlie second oper- 
ation, performed 9 months later, 2 
hemangiomas were removed from the 
left lung. Microscopically, all these 
tumors proved to be cavernous he- 
mangiomas. In the same year (1944) 
Jones and Thompson^® and Adams, 
Thornton and Eichelberger® success- 
fully performed pneumonectomies for 
clinically correctly diagnosed cavern- 
ous hemangioma of tlie lung. In each 
case X-ray evidence of a pulmonary 
shadow, together with clubbing of the 
fingers, cyanosis and polycythemia were 
present. In the case of Adams etalr 
the tumors were multiple, tlie largest 
being a multiloculated, smoothly lined 
cavity, measuring 3 .v 4 cm. This cav- 
ity communicated witli tlie pulmonary 
artery tlirough a vessel 4 to 5 mm. in 
diameter, witli tlie inferior pulmonary 
vein tlirough a channel 1 cm. in diam- 
eter. Microscopic e.\'amination showed 
this ca\ity (as well as the others) 


to be lined by endotlielial cells rest- 
ing upon connective tissue. There was 
no hemangiomatous tissue outside 
these cavities. ^^Tlile they designated 
their lesion as a cavernous heman- 
gioma of the lung, which it surely was 
from an anatomic point of view, a le- 
sion similar to diis, which has been re- 
ferred to as “congenital arteriovenous 
aneurysm,” was reported by Sisson, 
Murphy and Newman. The case of 
Sisson et aV^ concerned a 45 year old 
negress who died shortly after an at- 
tempt was made to demonstrate tlie 
pulmonary shadow by the injection of 
diotrast. At autopsy a slightly bluish- 
colored sac was found in tlie left inter- 
lobar fissure. The sac was biloculai' 
and measured 6x4x3 cm., and was 
found to communicate with the neigh- 
boring artery and vein. Another small 
but similar lesion was found in the 
right middle lobe, o 

In Makler and Zion’s®® case, one of 
the presenting symptoms was frequent 
nose bleeds. This 23 year old male 
had in addition polycythemia, cyanosis 
and clubbing of the fingers. X-rays 
showed shadows in both left and right 
lung fields. This patient was not oper- 
ated upon and, as far as is known, is 
still alive. Similarly, in a recent case 
reported by Gleland,^® epistaxis was a 
prominent presenting feature. In tliis 
case multiple hemangiomas were found 
on tlie face, tongue, nasal septum and 
buccal mucosa. The large, cavernous, 
pulmonary hemangioma was. associ- 
ated vntli a radio-opaque shadow, 
cyanosos, polycjthemia, and clubbing 
of the fingers. This patient died 20 
hours after lobectomy. 

In 1947 Bisgard® performed a lobec- 
tomy for hemangioma of the lung in a 
29 year old male vitli the usual symp- 
toms of cyanosis, polyci^hemia and 
clubbing of die fingers. X-ray re\-ealed 
a well-delineated shadow of increased 
density in the right lower lobe, and the 
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surgically-removed specimen was found 
to have 2 cavernous hemangiomas of 
the lung which showed no large com- 
municating vessels. In tliis same year 
Sweet'" performed a lobectomy for a 
clinically correctly diagnosed cavernous 
hemangioma of the lung in a 23 year 
old female with clubbing, cyanosis and 
polycythemia. Sweet, in discussing 
the case of Maier, Himmelstein, Riley 
and Bunin^' mentions anotlier success- 
ful operation for cavernous heman- 
gioma of tile lung in a child, and 
that he had seen a 3rd case in Dr. 
Ale.xander’s clinic in Ann Arbor. Bur- 
chell and Clagett’^ (also in 1947) per- 
formed a lobectomy on a 20 year old 
male, who, since the age of 8, had de- 
veloped progressive cyanosis, clubbing 
of the lingers and dyspnea upon e.ver- 
tion. This patient showed a polycy- 
themia of 7.59 million red blood cells 
per cu. mm. Roentgenograms showed 
an irregular nodular shadow in the 
right lung. Tlie right middle lobe was 
removed and revealed numerous 
greatly dilated and tortuous blood ves- 
sels. Large numbers of cavernous 
spaces, some looped and some ending 
blindly, were found. All these spaces 
were lined by endothelium resting upon 
thick walls showing some muscle and 
elastica. These authors speculated 
that these blood vessels had acquired 
arterial characters due to high intralu- 
menal pressures over the years. Ten 
weeks after the operation the red 
blood cell count had fallen to 5.1 mil- 
lion per cu. mm., with little change 
in the elubbinti of the fingers. In the 
case reported b\' Maier rt alJ'^ a siiper- 
imptned bacterial endarteritis in a 
eaveriK)us lu'mangioma of the lung was 
fiist successfully treated by penicillin 
bef(ue surgical rernosal of the lesion. 
In the discussion following the pub- 
lication of Maier ft r.l.. unpublished 
cases of c.ivernous hemangioma of the 
lung uere tiemtinned bv P. C. Sam- 


son, L. M. Shefts, and F. R. X. Bjtoii. 

Thus, this rare hamartoma of the 
lung, tlie cavernous hemangioma, is a 
tumor-like, faulty developmental dis- 
ease of blood vessels. These lesions 
may be single, but are often multiple, 
and may be familial. These tumors in 
the literature have been variously re- 
ferred to as cavernous hemangiomas, 
arteriovenous fistulae and congenital 
arteriovenous aneurysms. They fre- 
quently jjroduce shadows of increased 
density in X-ray films, over which a 
bruit is sometimes heard. Mdien large, 
they act as arteriovenous shunts and 
often have an associated secondary 
polycythemia, with cyanosis and club- 
bing of the fingers. Variable degrees 
of dyspnea or vertigo may be present. 
Hemoptysis or epista.\is may be a pre- 
senting symptom, or rupture into a 
pleural cavit>' may occur. Frequently, 
other small hemangiomas or vascular 
naevi may be noted in these patients, 
as in the cases reported by Whitaker” 
and Lindgren,’’' in which pulmonary 
arteriovenous fiistulas were associated 
with a family history of telangiectases. 
They appear to bo readily diagnosable 
clinically, and when surgically removed 
the polycythemia and cyanosis dis- 
appear. 

Mliile, in general, cavernous heman- 
giomas of the lung, like most hamarto- 
mas, tend to he henign, it is possible 
that malignant tumors may arise from 
such developmental defects. Thus, 
Wollstein'^ described a malignant he- 
mangioma of the lung in a -1 month old 
infant with multiple visceral foci. In 
the case reported In- Hall” multiple 
malignant hemangiomas were found in 
different organs and it is possible that 
the lung may base presented the pri- 
mary site. 

So-Called I’lilrnonarj- .Adenomatosis. 
In recent se.irs a numh'-r of reports 
have been publislied concerning a 
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unique type of primary lung tumor 
occurring in man. To this tumor a 
variety of names has been given. Thus 
Lohlein'^® called it “cystic papillary 
lung tumor,” Bonne^" introduced the 
name “pulmonary adenomatosis,” Taft 
and Nickerson"'* preferred “mucous 
epitlielial hyperplasia of tlie lungs,” 
Neubuerger and Geever®^ suggested 
“alveolar cell tumor of the lungs,” and 
Simon®^ named it “diffuse primary al- 
veolar carcinoma of die lungs.” 

These tumors are characterized by 
being bilateral. None of die tumors 
show die ordinarily accepted and 
classic features of primary broncho- 
genic carcinoma, such as invasion of 
bronchial wall widi or without stenosis 
or ulceration or atelectasis. Similarly, 
no primary tumor is found in any odier 
situation, so that metastatic tumor to 
die lungs can be definitely ruled out. 
In about half the cases the tumor is 
found localized to the lungs at the 
time of death, often widiout evidence 
of lymphatic invasion, and the remain- 
der show local or distant metastases. 

Grossly, the lungs may resemble die 
picture of a so-called “gray hepatiza- 
tion” of lobar pneumonia, with a sticky, 
gelatinous surface reminiscent of a 
Friedlander’s bacillus pneumonia, or 
may present multiple elevated, poorly- 
defined, large and small, and at times 
confluent nodules of glairy, reddish- 
yellow, sticky tissues lying in lung pa- 
renchyma. Microscopically, an unu- 
sual type of non-ciliated, tall columnar 
and questionably mucus-secreting epi- 
thelium is found lining large numbers 
of alveoli. These cells are loosely at- 
tached to apparently unaltered alveo- 
lar walls, which show numerous papil- 
lary projections. Strands of tumor cells 
frequently desquamate into the al- 
veoli. A certain amount of pneumonia 
invariably accompanies diis tumor. 
The tumor cells lining the alveoli do 
not extend into any recognizable 


bronchioles and no transitional forms 
between obvious bronchiolar cells and 
the tumor cells can be found in any 
situation. 

This disease bears a remarkable re- 
semblance to an epizootic disease of 
sheep, known variously as jaagsiekte, 
epizootic adenomatosis, pulmonary 
adenomatosis, verminous pneumonia 
and Montana progressive pneumonia 
of sheep. Tliis disease in sheep has 
been thoroughly described by Mitch- 
ell,°** Dungal,-- Cowdry,*** and Cow- 
dry and Marsh,*" and is characterized 
by marked inflammatory changes in the 
lungs, associated with an irregular pro- 
liferation of cells lining the alveoli. 
These cells adliere to the alveolar 
walls and, indeed, appear to arise from 
them. Such lining cells, which histo- 
logically are epitlielial in appearance, 
vary from cuboidal to columnar, are 
not ciliated, show papillary infolding 
into the alveoli, and apparently are 
not continuous with bronchiolar epithe- 
lium, When fully developed, tlie 
microscopic picture resembles an ade- 
noma or adenocarcinoma, but the cells 
are regular and metastases do not 
occm:.* 

From sheep affected with jaagsiekte, 
DungaP^ isolated a virus with which 
he can reproduce tliese lesions in the 
lungs of sheep. The virus does not 
appear to be pathogenic for man, as 
shepherds who are housed with these 
sick animals for relatively long periods 
do not contract the disease, Hilde- 
brand'** has recently reported an in- 
stance of pulmonary adenomatosis in 
which the patient was a ranch wife 
who lived on a large sheep ranch in 
Montana where jaagsiekte was ende- 
mic. He speculated upon a possible 
common origin of tlie human and sheep 
diseases. Attempts to transmit the dis- 
ease to various laboratory animals witli 
human autopsy material by Richard- 
son,®= Sims,"“ and Wood and Pier- 


* One excepUon is fumishea b>- A>-nard, PejTon and Falchetti, cited b>- Dungal.- 
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son-'' have been uniformly unsuccess- 
ful. The etiology of this disease in 
man is unknown. 

In tlieir excellent rex'iew of tliis 
subject in 1942, to which the reader is 
referred for bibliography up to this 
date, Neubuerger and Geever^" col- 
lected from the literature 43 cases of 
unusual tumors of the lung. All of 
these collected cases showed charac- 
teristic cuboidal to columnar epithe- 
lial cells, with and without papillary 
infolding, lining large numbers of al- 
veoli in both lungs. In all cases the 
usual bronchogenic origin was exclud- 
ed. No evidence that the lung lesions 
were metastatic wms present. Of tlrese 
cases, 24 (or 56%) showed metastases. 
These metastases, generally speaking, 
were either local or isolated in far- 
removed organs. In the balance of 
cases the lesions were confined to the 
lungs at the time of death. To these 
tumors Neubuerger and Geever®' gave 
the name of “alveolar cell tumors of tlie 
lungs.” With the exceiition of metas- 
tases, their collected cases otherwise 
appeared to be strikingly similar if not 
identical with so-called acceptable 
cases of “pulmonary adenomatosis” of 
Ilelly,” Lohlein,®'’ Oberndorfer,'’ 
bonne, Richardson,'^- and Briese.*- 
In 1913, Sims''’ and Bell' each reported 
a ease of so-called "pulmonary adeno- 
matosis” in which the lesions were con- 
fined to the lungs and showed no local 
or distant metastases. The following 
year Taft and Nickerson'^ added 2 in- 
stances of this disease, to which they 
yave the name of “mucus epithelial 
hvperplasia of the limes.” flere, ag.ain, 
the lesions were bilateral and no me- 
tastases Were present. In 1914 Acc- 
vado, Giimtini and Cro.vatto' reported 
a case wliicli clinically simidated mili- 
ary tuberculosis. In their case tumor 
celK vere found in the sputum, and 
autojny showed thr- lesion to be bi- 
l.iter.il, without either local or distant 


metastases. In 1945 Wood and Pier- 
son*® added another in which the diag- 
nosis was made on surgical material 
removed at operation. Lobectomy was 
performed, but circumstances subse- 
quently proved tliat the lesion was dif- 
fuse and bilateral. No metastases 
were present either locally or in distant 
organs. Ikeda'** reported 2 cases, only 
1 of which appears to be acceptable, 
as his 2nd case showed a gross bronch- 
ial tumor. In this same year (1945) 
Geever, Carter, Neubuerger, and 
Schmidt®* reported 6 additional cases 
of “alveolar cell tumor.” In 4 of these 
metastases were present. In all, the 
usual bronchogenic type of tumor was 
e.xcluded. 

In 1947, Simon®®'®* reported 2 cases. 
In 1 the tumor was bilateral and was 
confined to the lungs at the time of 
deatli, and no mediastinal lymph node 
metastases were present. In his 2nd 
case the lesions were found to be bi- 
lateral, with metastases to tlic brain. 
No mediastinal lymph node metastases 
were present. In this case it was dem- 
onstrated for the first time that the 
diagnosis could be established before 
death by lung puncture. In this same 
year Alexander and Clm^ reported an 
additional case. 

Tlic histogenesis of so-called “alveo- 
lar cell tumors of the lung” raises the 
interesting and controversial question 
regarding the presence and nature of 
alveolar lining cells. The evidence for 
and against the existence of lining celfs, 
and wiiether they are epithelial, endo- 
thelial, or both, is too irnolvcd to be 
included in a review of the present 
scope. It appears to be the opinion 
of most authors publishing on this sub- 
ject that the bulk of experimental and 
clinic.il observations strongly suggests 
that alveol.ar epithelium does exist and 
that, under proper circumstances, if 
may j)roIiferate and may, inrleed, give 
rise to tumors. In all tlm reported 
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cases of the type of tumor under dis- 
cussion the various authors have 
stiessed die inability to demonstrate, 
eitlier in multiple random sections or 
serial sections, that tliese tumors arise 
from bronchiolar lining cells. 

Herbut'-*® has suggested that tliese 
tumors arise from bronchiolar epitlie- 
lium, particularly in foci of bronchiec- 
tasis, However, bronchiectasis in so- 
called “alveolar cell tumors of the 
lungs” appears to be an extremely in- 
frequent and inconstant accompanying 
condition. Since the lesion is bilateral 
and frequently shows no evidence of 
lymphatic invasion, it appears unlikely 
diat tlie tumor cells arise from bronchi- 
olar epithelium. The iiossibility tliat 
this may be a tumor of multicentric 
origin cannot be excluded. While it 
is ti’ue tliat occasionally metastatic tu- 
mors may line alveoli, it is unlikely 
that tliis variety of tumor is metastatic 
from some cryptic focus, as Herbut®'-’ 
further suggests. 

The variety of names applied to tliis 
tumor appears to have arisen largely 
from the controversy concerning the 
existence of epithelial alveolar lining 
cells. Neubuerger and Geever®' chose 
the name “alveolar cell tumor” without 
intending to connote the histologic ori- 
gin of tlie cell. Simon®' contends tliat 
if the word “cell” is omitted and tlie 
condition described as “diffuse primary 
ah'eolar carcinoma of the lungs” de- 


finitive reference as to possible cell 
origin is omitted. The terms “pulmon- 
ary adenomatosis” and “mucus epitlie- 
lial hyperplasia of the lungs” may be 
misleading, for, in spite of tlie benign 
appearance of some of these tumors 
liistologically, and particularly when 
tliey are as yet confined to the lungs, 
this tumor appears to behave as a slow- 
growing but eventually metastasizing 
carcinoma. The case reported b>' 
Dacie and Hoyle^® showed transition 
from inPa-alveolar hyperplasia, which 
on histological grounds was taken to 
be benign, to an infiltrating carcinoma. 
It is possible tliat tlie degree of pneu- 
monia which invariably accompanies 
tliese tumors may be the cause of 
death before metastases have had time 
to develop. 

The clinical course and clinical find- 
ings in diffuse primary alveolar carci- 
noma of the lungs are not sufficiently 
clear-cut to permit an unequivocal 
clinical diagnosis. Cough, X-ray evi- 
dence of bilateral lung consolidation 
which varies in size from time to time, 
absence of eosinophilia (Loeffier's syn- 
drome should be excluded), with or 
witliout hemoptysis, and the progres- 
sive nature of tlie disease are sugges- 
tive features. The diagnosis, however, 
may be established during the life of 
the patient by histologic examination 
of aspirated lung tissue. 
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A direct result of this shrinking Typhus is anytliing but a tropical dis- 
world^® is not only a smaller world in ease.®^ The peculiarities of clinical 
terms of travel time but a better under- disease and of disease distributions in 
stood world'® through greater familiar- the tropics are largely a function of the 
ity witli otlier places and otlier people, tropical environment, a tropical en- 
Tlie concept of tropical medicine con- vkonment that is comple.Y, by no means 
sequently has changed from tliat of a uniform and not determined by tlie 
peculiar group of diseases persisting simple quality of latitude or other geo- 
in peculiar parts of the world to an grajihical character, 
appreciation tliat tropical medicine is The conventional view of the tropics 
general medicine,'® that few truly as a steaming jungle is correct only in 
h'opical diseases exist. For various rea- part, altliough it holds for the ^luianas, 
sons, including a favorable climate or vast areas of the Amazon and Congo 
a climate not unfavorable,®' a goodly basins, and the low African west coast.® 
number of infectious processes have MHiat is necessary to remember is that 
their greatest incidence in tlie tropics, conspicuous differences in climate and 
but most of tliem also extend widely environment exist within tlie same lati- 
into subtropical regions and not infre- tude.®" The trade m'nds make life pos- 
quently into temperate areas. The in- sible in numerous tropical islands, tlie 
fectious agent of amebiasis, a favored monsoons lead to climatic attributes of 
example of a tropical disease, was first another order, and altitude produces 
determined in the feces of a patient an entire!}' agreeable climate on tlie 
in Archangel,®® close to the Arctic cir- high plateaux of the tropical Andes, 
cle; its greatest recorded epidemic in the highlands of East .Mrica and Rho- 
modem times®' came from a slip in desia, and in tlie Indian hills, 
sanitation in a midwest American cit}'. Tropical climates'® are sometimes 
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hot and moist; the rain-forest climate 
sometimes hot and drj', as of the grass- 
lands and tlie desert, or alternately wet 
and dry, by reason of the monsoons. 
.\11 have* in common a lack of change, 
which is as true of the unbroken, un- 
varying coolness of tlie hill district of 
India as of tlie heat of Bombay or of 
the Amazon valley. The main difR- 
culty'' about tropical climates is not 
so much the high level of ma.\imum 
temperatures as the consistency wdth 
which high levels are maintained. That 
the monotony of the tropical climate 
has implications beyond disease and 
human comfort' is the belief of Ells- 
worth Huntington^'" and others who 
correlate the development of civiliza- 
tion and the energy of nations'" with 
climates of marked seasonal variation. 

Geography determines, then, the 
boundaries of the tropics and the sub- 
tropics that extend beyond. It de- 
termines some of the general charac- 
teristics of those regions, and through 
its influence on the weather import- 
antly governs climate. But environ- 
ment is more than climate, it is more 
than the whole of the natural surround- 
ings of a region; it represents all of the 
external conditions which have an ef- 
fect on the life and de\eloprncnt of 
an organism. The universe of living 
thiiuis. man and all others, enters just 
as diri’ctl>' into what constitutes cn- 
sironment'' as do the more evident in- 
aniinati- j^liysical factors by which one 
p.irt of the world is so common!}' dis- 
tinmiislicd from another. Many times 

has the greater force in determining 
the nature of man's *-\isfenc(*. this b(‘- 
ing particularly true of disease— what 
it IS and wli'-re it fends to h'-. 

,1' ,':r (’ftf.rtji! n{ ( ‘ (ituiiiUt-.i- 

r.-J,'. /> ■.<: . , IncTe.isiiigly, coninui- 
fiif.dt!'' di'-’.'se coriKs to Iv iinder- 
't't.id as t ntiforniing to fh'- laws of 
igi, S' ith its di .trihntioTis in tiiu" 
!!:i '.r es- .lU'l its clim’c.d ii.itnrf the 


manifestations of a variable biologic 
equilibrium which invokes two con- 
tending species, a host and an agent 
of disease. Thus the consideration of 
ensaronment as a determining influ- 
ence on diseases of man'- is more tlian 
the action of climate on a human host, 
which is the emphasis so commonl}' 
taken. The environmental influences 
e.verted on tlie infectious agent can be 
equally significant. Additionally, the 
.several elements of enidronment often 
act independently of the particular host 
and agent directly concerned with a 
di.scase, to determine in important de- 
gree the distributions and even the 
clinical nature of the process; this 
through such epidemiologic factors as 
the reservoir of infection and the 
mechanism of agent transmission from 
host to host. 

In simplest terms, ecologv’ deals with 
the relationship between various liv- 
ing organisms in an environment and 
the reaction they evidence to their 
animate and inanimate surroundings. 
It has to do not only with individuals 
and with communitic.S' of tho.se individ- 
uals, but with .specie.s and their inter- 
relationships. T4io.se relations are rec- 
ognized'"'' as particular, continuous, 
reciprocal or indissoluble. Translated 
into terms of conimnnicable disease, 
the kinds of infection are variously nat- 
ural, foreign, refractory, accidental or 
c.isnal.'- 

Health and disease, like the funda- 
mental matters of e.vislence and survi- 
val. are thus the results of an ecologic 
interplay."' Because communicable 
dise.ase is so evidently a matter of tin’ 
reciprocal influence of 2 organisnis, of 
a host and an infectious agent, the 
ecologic interjiretation of discasr pheno- 
nvna is best aecomjilished by .separat- 
ing the disease agent from other ele- 
ments of the en\ iromiient: and looking 
iijKin di'.''ase [j.-oec ,'.es as the interac- 
tion of a triad, a host-and nrin is the 
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primary concern— an agent of disease, 
and lastly the remaining features of 
environment. 

Beyond die matter of survival, the 
health of an individual or of a species 
represents a dominanee of positive 
adaptations to its partieular environ- 
ment, either through greater numbers 
of positive dian negative adaptations 
or because they are more heavily 
weighted. Otherwise, the organism can 
scarcely endure. Disease from the 
standpoint of man is a negative re- 
sultant of the forces of ecology, the 
extent and seriousness of which is de- 
pendent upon the kind of balance, 
the natm'e of the biologic equilibrium, 
currently existing between human host 
and agent of disease. This is in every 
sense a varying equilibrium and the 
eosts of the negative adaptation are 
assessed in terms of the clinical na- 
ture of the disease diat results, the 
number of persons affected, and die 
places and duration of the process. 
Epidemiology is medical ecology. 

With the biologic adjustment be- 
tween host and jparasite fairly evenly 
weighted, with the disturbances in 
equilibrium of limited degree, a dis- 
ease like bacillary dysentery'’^ results— 
from a world standpoint®^ widespread 
and readily transmissible, its epidemics 
relatively infrequent and usually in- 
consequential, not too exacting in terms 
of death and disability except for in- 
fants and the aged, and not too sus- 
ceptible to measures of control. By 
contrast, cholera illustrates a less satis- 
factory adaptation between host and 
parasite. The circumstances of en- 
vironment must favor its spread, tlie 
swings in disease iDrevalence are great- 
er, and the cost in cases and deaths 
can be appreciable. Tliis serves like- 
wise to limit its prevalence to com- 
parati\'ely few parts of the world. 
Cholera has many times shown its 
ability to strike widely w'hen favoring 


circumstances exist, but in the absence 
of tlieir continuing presence it fails to 
establish itself. Cholera in Vermont 
in 1832 and the epidemic of Lake 
Champlain^® are httle more than 
memories. 

The ideal compromise in the host- 
parasite relation would mark the abihty 
of both elements to survive in the 
presence of a nicely balanced equilib- 
rium where neitlier is killed off and 
neither suffers greatly. But the search 
of life for the perfect equilibrium is 
never rewarded. As the result of long 
association it may happen in a degree, 
where infection occurs without recog- 
nizable clinical symptoms, definable 
only by serologic or otlier means and 
called latent infection, a circumstance 
rather eommon witli diphtheria. Since 
all ecologic relationships are tempor- 
ary and tend from time to time to be 
disturbed, sometimes tlirough one fac- 
tor and sometimes tln-ough another, it 
follows that epidemics of frank clinical 
diphtlieria are not unexpected. 

An infinite number of minute differ- 
ences in the life history of people, 
of parasites and of insect vectors of dis- 
ease, govern the implantation of dis- 
ease endemically and its epidemic 
spread. From tliis it follows tliat 
similar diseases and similar epidemics 
may arise from dissimilar causes. This 
requires tliat all factors entering into 
disease produetion and disease distribu- 
tions be kept in view at tlie same time, 
and each in relation to the otlier.®' 

In accordance widi tlie principle 
found suited to the non-li\dng w'orld, 
modern biologic investigation endeax^- 
ours to ask nature questions one at a 
time and, from a series of partial pic- 
tures, reconstruct the e.xisting w'hole. 
Lee-’® w'arns against pursuing this too 
far; tliat a living organism is not a col- 
lection of a few' simple mechanisms in- 
tegrated by simple mathematical re- 
lationships; it is not merely tlie sum of 
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its component parts. \*ariables are 
linked together in multiples and by 
any tiling but simple linear relationships. 
It frequently becomes necessary to 
stud}’ li\ing nature in many dimen- 
sions simultaneously and to analj’ze 
the resulting complex data statistically 
rather tlian attempt the simplification®- 
which is the modem tendency. 

Present day epidemiology stresses 
the importance of the agents of dis- 
ease, largely by reason of tlie better 
methods and the greater ease witli 
which they are measured and appraised. 
The ecologic approach requires that 
tile agent be integrated into the larger 
fabric of the cmironment. The causes 
3f an epidemic are not solved when 
die infectious agent becomes known, 
even tliough the ordinari' methods of 
spread are understood. A person in 
the communicable phases of an in- 
fectious disease, introduced into a circle 
of susceptible hosts, or even a num- 
ber of such persons, is not alone suf- 
ficient for an epidemic, as the recent 
experience of United States soldiers 
roturning from tropical regions''’ well 
demonstrates. Susceptible human hosts 
for almost any of the known communi- 
c.able diseases are resident throughout 
the world. Under modern conditions 
of commerce and travel few countries 
escape? occasional importation of in- 
fection. In certain regions one such 
circumstance suffices for a frank epi- 
demic; at other times and in other 
places the disease does not strike, in 
••pill; of numerous community and in- 
dividu.d exposures, Tlie answers may 
well be sonitht in the ern ironment. 

An If'tfrprrtn/inn of Evt'-'ronuu tit. 
Tiu' limited perspective with which 
ensiromn'’nt is cotnmnnly xaewial is 
o;vn to improvement by considerin’! 
i! as ei)!i;pos' <i of three major elements 
-tls- phsvje.d environment, the bio- 
1 ne.d the socio-t'ctituenic. 


Physical Ensironment. The physical 
surroundings of man are so erident 
and immediate an influence on com- 
municable disease tliat for many years 
that was the whole interpretation. Tlie 
concept of a broader content came 
only gradually. The same close associa- 
tion with the everj’day affairs of life 
was also a likely reason that in early 
historical times and tlirough the Middle 
Ages’* Uie causes of communicable dis- 
ease were sought in cosmic and met- 
ereologic influences. Every description 
of a disease opened with word about 
season, temperature, locality or other 
similar feature. Wien etiologic dis- 
coveries e.xplained in a more rational 
way tlie behavior of malaria, plague, 
and so many others, the action empiri- 
cally attributed to an environment was 
readily turned to an understanding of 
how those forces affected host and 
parasite, contributed to insanitary con- 
ditions, and thereby affected the nature 
and distribuh'on of disease. 

From the beginnings of tropical 
medicine, climate’’ and the weather'” 
have always had full emphasis; to an 
extent that otlicr important environ- 
mental features were sometimes over- 
shadowed. Tlie definition of climate 
as the normal or characteristic weather 
conditions over a long period and in a 
particular localih’ or region, Is none 
too definite. Smith” adds .somctiiing 
in stating it to include all solar and 
terrestrial features and influences whicli 
affect animal and vegetable life; but 
it remains to list the better established 
components,” which are atmosplieric 
temperature, relative and absolute 
humidify, rainfall, movement of air 
and prevailing winds, sunshine, baro- 
metric prc’ssure, and atmospheric elee- 
tricity. Under all circumstances cli- 
mate is a mosing. shifting epidemio- 
logic influence. 

Improved ineflirKls of rn'-asurement 
w»-re suggested earlier as b.'isic to .a 
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better understanding of the influences 
of envii'onment. The climatic features 
of the physical environment promise 
more than most elements of tlie biologic 
or socio-economic environment, for 
physical determinations of temperature, 
humidity, wind velocity and rainfall 
have reached a high level of accuracy 
and ease of applieation. In many 
localities records are available over 
long periods. The difliculty is not 
with the individual elements, but with 
the combined effect that results, for 
example in the matter of temperature.®® 
That air temperature and humidity are 
inseparably linked is universally known, 
but the added effect of wind and solar 
radiation is not so generally appreci- 
ated. The physiologic action on 
the human host is from a combined 
effect. The possible combinations are 
great, and no better example is to be 
had of tlie desired ecologic interpreta- 
tion, an assessment of values through 
correlation of all factors. The kata- 
thermometer®®’®® has contributed im- 
proved technical method. A calculated 
value, the effective temperature,'® gives 
expression to the combined effect of 
temperature and wind, for an im- 
proved,®® but not a final answer. 

The physical environment does not 
end with climate and weather. A 
difference in geologic structure was 
found by Buxton®® to explain the free- 
dom from filariasis of the east side 
of the island of Esperitu Santo, in 
contrast to hea\y infection on the west. 
The east side was a porous coral chalk, 
the west side thick old volcanic soil 
with standing VMter that gaN'e a fine 
breeding ground for the mosquito vec- 
tor. Soil is no longer looked upon as 
an epidemiologic influence by reason 
of its miasms, but Augustine and Smil- 
lie^ have shovii its character, sandy 
and moist, and its temperature, to in- 
fluence the frequency and length of 
life of hookworms. 


Biologic Environment. The biologic 
component of environment can be 
taken to include the universe of living 
things that surrounds man, all else 
than man himself. The ecologic and 
epidemiologic influences of tlie biologic 
environment in respect to mass dis- 
ease of man are within two principal 
areas; tlie activities of animals and 
plants as sources and reservoirs of in- 
fectious agents, and secondly the con- 
siderable influence they exert as vec- 
tors of disease. The function of the 
biologic environment is not limited to 
these indirect activities, despite the 
profound influence they have on dis- 
ease prevalence in man. Repeated 
evidence is to be had of a direct action 
on one or otlier member of the par- 
ticular host-parasite complex. Resist- 
ance of the human host is favorably 
or ad\fersely altered, the action of the 
agent inhibited or enhanced. 

Tliree principles govern tlie eflBciency 
both of arthropods as vectors of human 
disease and of otlier animal species as 
reservoirs of infectious agents. These 
are the character of the host-parasite 
relation between species and agent 
concerned, population numbers of vec- 
tor or animal reservoir, and the host 
relations of the species to man. The 
first is inherently, but not wholly, a 
biologic matter, a private and par- 
ticular concern of the individual animal 
species and the parasite. The other 
two bring into play the whole ecologic 
complex. 

Populations of arthropod vectors and 
animal reservoirs are intimately related 
to the physical environment, for as 
the ifliysical environment acts on man 
as a host, so likewise it affects tliese 
otlier hosts; to the extent that entomol- 
ogists approach the problem of insect 
outbreaks®^ as epidemiologists study 
disease, ecologically. Numbers are al- 
so governed by the socio-economic 
environment, to the extent that man 
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participates in direct destruction of 
vector or reservoir, or his manners and 
habits of life affect their M-ell-being. 

Tlie socio-economic ensironment has 
a dominating effect on tlie host rela- 
tions of vector or animal reservoir to 
man, the third consideration. Effec- 
tive production of disease depends upon 
the extent to which the occupation, 
habits and customs of man bring the 
two into contact, the ease of transfer 
brought about by density of popula- 
tion and deficiencies of housing, and 
similar influences aside from tlie basic 
biologic suitability' of the associah'on. 

Socio-economic Environment. Tlie 
socio-economic component of enwron- 
ment is that which relates to the asso- 
ciation of man with his fellow man. In 
simplest terms it is human ecology. 
L. J. Henderson’'’ has remarked how 
the strongest feelings exist about the 
sociologic properties of the emn'ron- 
nient, but with little intellectual aware- 
ness of which ones arc most important. 
Quantitative information is grossly in- 
adequate; and perhaps of greater con- 
ccni, a common lack of satisfactory 
methods for study and appraisal of 
these features .as an influence on mass 
di'.easc of m.an. 

f'xauiples of broad and long con- 
tinued action are readily h.ad; that 
of the .African slave trade’* in the 
spre.'id of trojiical disease to the .Ameri- 
cas. not to mention war," which is 
the most up'.etliu" factor that can dis- 
turb iiuuiau ecoloeic relations, Tlie 
lnuna!i f.'ictnr i*; ns ('vident in the small 
affairs of everyday life, the iirce to 
li'-rf! tnyeSher in concentrated "roups, 
tf> %'.andor widely over the earth, the 
a'-'Oeiation with a variety of 
dorii'-stic atiiniab', and tie- diier.>ie forxl 
h ibitN of rnari. 

Sir;'-.’ ce-.ri'irnii' life so lar'j:e!y de- 
'.'rid e'.j\!e:>ce. the two are 
.f- a ‘invh- factor. Tlw «ocio- 
e:r. eterls an in- 


fluence on disease of such moment as 
to permit generalization, that the lower 
the social economic status, the higher 
tlie prevalence of disease. This holds 
for comnnmic.able .and for non-com- 
niunic,able processes, for such diverse 
conditions as cancer''* and rheumatic 
fever.'’-’ Its importance is reflected in 
a current appr.ais.al by K.auntze'^ of 
medical problems of the tropics as 
being chiefly due to a gener.al lack of 
education, a poor social economy, and 
a Lassitude p.artly attribut.able to the 
sapping of human energy by endemic 
disease. 

A solid attack on the factor of nutri- 
tion is underway— broadly and in rela- 
tion to principle in temperate '/ones, to 
far less extent in relation to the specific 
problems of the tropics. TIic need is 
appreciated” for precise data on the 
effect of work on caloric and other 
nutritional requirements, on water and 
salt requirements in the tropics.'''’''’ 
and on the effects of various slre.sscs 
and mild disease processes on nutri- 
tional requirements and fitness'’ of 
m.an. Tlie peculiar ref|uirements of 
the white visitor or temporary resident 
continue to be the commoner interest, 
in more recent years largely because 
of war interests, 

mental problem is that of the native,'’’ 

Housing and the allied problem of 
crowding arc potent influences: like- 
wise file h.abits and customs of people, 
both those inherent or of natural evolu- 
tion, and those arising artificallv from 
religious or other tabu. .All enter di- 
ri'Ctly into environmental sanitation, 
and direct attention to the prineiiil'- 
too often forgotten these d.'iys. fli.al 
the first need of a people startin'.; to- 
w.ird a jiuhlic h'-alth is to get up out 
f)f their own dirt. .A h tter of recent 
months from a young colleague jir.t 
arrived in fh" frojiies expressed th" 
opinion that the ^ing^• ni'e.f itnporf.m? 
I'K.xd ob'ectixe he s'lW it. w.e: to get 
jy-oph; to put their fece-, in one place. 
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Little quantitative information exists 
about the influence of education, 
clothing, income and social welfare 
on diseases of the tropics. The recently 
appreciated significance of psychologic 
and mental reactions as an influence 
on susceptibility to disease has scarcely 
been extended to tropical medicine, 
other than to the white populations'*^ 
and military forces.®^ Much of tire 
effect heretofore attributed to the phy- 
sical and biological environment, un- 
doubtedly rests witlrin this field of 
socio-economic environment, a most 
underdeveloped interest of epidemi- 
ology, tropical or otlrerwise. 

A Basis for die Study of Environment 
The ecologic approach to tire study 
of communicable disease has been 
based on an appraisal of host-parasite 
equilibrium, a phenomenon in turn 
dependent upon tire innate character- 
istics of the 2 primary factors under 
the influence of environment. This 
is an old concept for the biologist in 
relation to the individual.®® It is an 
equally valid approach to the problems 
of tire community— to mass or herd 
disease— where more or less disease 
depends upon a more or less temporary 
collection of tire same or different 
species. Environment has been sepa- 
rated into tlrree components. 

From these premises a pattern emer- 
ges for tire study of die general environ- 
ment as an influence on disease— a 
differentiation of 6 statistical cells into 
which may be set those phenomena 
atti'ibutable to the tiiree features of 
eniTTonment, pliysical, biological and 
socio-economic, as each acts on host 
or on agent. 

Criteria for Appraisal of Effect. Two 
criteria are useful in weighing die 
effect of emironment on a disease. 
The clinical nature of the process is 
one. the peculiarities of frequency dis- 
tribution vithin time and space is the 


odier. Either or both may be in evi- 
dence. 

Diphtheria as a faucial infection is 
uncommon in the tropics,'* ° aldiough 
its considerable frequency as an in- 
fection of die skin®® suggests that more 
attention be given this possibility in 
sub-tropical areas. Despite die com- 
parative infrequency of the chnical 
disease, evidence- from a variety of 
ti'Opical areas indicates a widespread 
distribution of the infectious agent,®’ 
equivalent to diat of temperate regions. 
Chnical differences in amebiasis under 
tropical and temperate conditions are 
noteworthy.’® Scarlet fever,®® poho- 
myelitis,®® and others of the common 
infections of childhood show similar 
chnical modificadons, although die 
agent is as extensively prevalent in the 
one region as the other. 

Individual and pecuhar distributions 
of communicable disease by reason of 
emdronmental effect are well known, 
numerous and precise: Oroya fever®'* 
in certain valleys of Peru and at pre- 
scribed altitudes, a factor of the bio- 
logic environment; yellow fever domi- 
nantly influenced by die physical factor 
of enn’ronment;’® cholera so strongly 
socio-economic,” and yaws®® similarly. 

Types of Environmental Action. 
Each of die three factors of environ- 
ment as it acts on host or on agent of 
disease is now presented, vuth no 
thought diat a particular complex rep- 
resents a pure line of action. Tliat is 
characteristic neidier of ecologic nor 
epidemiologic relationships, for die ob- 
served effect is usually of multiple 
origin. The patterns offered indicate 
a dominant, ratiier than an inclusive 
action. 

Physical Emironment-Host. No 
single feature of the tropical emiron- 
ment has been accorded more attention 
than physical factors as they operate 
on the human host. Tin’s is largely 
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confined to the artificial tropical host 
—the more or less temporary white 
resident''"’— with little attention to the 
tnie nati\’c host. Although the tropical 
climate exerts no selective action,"''' 
die elFect on the uninitiated is greater. 
Many escape tropical disease, but no 
one escapes the climate.'’ When first 
exposed to hot environments most in- 
dividuals are incapable of working 
strenuously or for prolonged periods. 
By a process of acclimatization man 
adapts himself to work in the heat.'' 
through a complex physiologic read- 
justment"' which cannot be defined 
adequately or determined completely 
by simple phj’siologic measurements. 
The problem varies between liot dry' 
and hot moist’''' climates, a matter of 
no small consideration in recent mili- 
tary actiN'ities."'''' The literature on 
the manifold physiological disturbances 
associated with adjustment to the 
whole tropical climate and to single 
climatological factors'* is wdely scat- 
tered and not readily accessible, but a 
good start can be had wdtli the re\’iews 
of Sundstroem,*® Ward®" and Talbot,*' 
Tliat such influences of climate on the 
human host are a function of suscep- 
tibiliW to communicable disease is 
readily e\idenced by every principal 
group of tropical infections, perhaps 
best by the enteric diseases. Kh'gler'® 
brings out tliat different indiWduals 
and indeed the same indiWdual, are 
more or less susceptible at difierent 
times. 

Despite the penetration into matters 
concerned wth acclimatization of the 
unaccustomed, and the eEects of the 
various physical components of the 
tropical environment on the human 
organism,*"^ a basic approach to the 
host factor is in much the same situa- 
tion as in temperate regions, where the 
physiologic and anatomic character- 
istics which condition response to an 
invading parasite are a most neglected 


and yet important aspect of the prob- 
lem of infection. To take a specific 
e.xarnple, the need is cited for a work- 
able knowledge of the pathogenesis 
of plague. 

Physical Environment-Parasite. In 
.speaking for a broader perspective for 
bacteriology Hudson^' states tliat the 
importance of environment is a princi- 
ple of tropical medicine. The full 
potentiality of microbiological technics 
in the study of tropical disease is be- 
lieved to reside in tlie better under- 
standing of the manner in which en- 
vironment affects infectious agents, and 
liow their behavior in nature is in- 
fluenced by that factor. One common 
manifestation is in the determination of 
disease distributions. 

Tlic yellow fever virus has well 
prescribed temperature limits \rithin 
which it develops in the mosquito, 
most rapidly and efficiently at 3S° C. 
requiring a 9 day inten’al at 30° C, 12 
days at temperatures of 25° to 28° C, 
while below 23° C infection does not 
follow.'* The result is a efimab’e limita- 
tion of distribution to the warmest 
climates and the hottest seasons. Well 
recognized isotlierms have been estab- 
lished for malaria. The distribution 
of filariasis is governed by the failure 
of the agent to pass die necessarj" de- 
velopmental stage in the mosquito at 
temperatures ordinarily encountered 
north of 40° latitude.*® The vector 
exists much beyond tliat limit. The 
agent is thus tlie susceptible part of 
the cycle, tlirough an influence of the 
physical ratlier than the biologic en- 
rironment. 

Biologic Environment-Agent. The 
number and complexity of the firing 
tilings that surround man alone suggest 
tliat many direct influences are exerted 
by tlie biologic emoronment on the 
agents of human disease. The addi- 
tional indirect action through the niech- 
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anism of transmission by artlii'opod 
vectors also governs their effectiveness. 

Direct influences of the biologic en- 
vironment are on numbers of the agent 
and on its biologic characteristics. Pop- 
ulations of infectious agents in a lo- 
cality are limited through mechanical 
or other destruction by living plants 
and animals, by entry into non-sus- 
ceptible hosts or tlirough ingestion as 
food or with food. Numbers are in- 
creased, and sometimes die very exis- 
tence of an agent is determined by the 
presence of sufficiently numerous im- 
mediate or intermediate hosts. 

The biologic characteristics and 
padiogenicity of many agents of hu- 
man disease are modified by residence 
in hosts of other species, sometimes to 
the advantage and sometimes to die 
disadvantage of man. This takes place 
in nature and has been repeatedly ac- 
complished experimentally. The varia- 
tion among strains of influenza virus'’® 
as they pass from person to person in 
the course of an epidemic is charac- 
teristic of that disease. That deviation 
from die modal form of die particular 
species is brought about in passage 
through animal hosts is suggested by 
studies such as those of Zelle°® on 
Salmonella tyfliimurium in mice. Evi- 
dence was provided of discontinuous 
variations of snioodi and rough forms, 
and dieir selection by the environment 
in die infected host. Further sugges- 
tion of broad and long condnued action 
is had from the established host specific 
variations diat exist among the brucella, 
the pox diseases, die hemolytic strepto- 
cocci, the psittacosis-lymphogranuloma 
viruses and odiers. Experimental al- 
teration of biologic characteristics 
tlirough continued contact widi animal 
tissues has been accomplished with all 
principal classes of disease agents, to 
such important purpose as the modifica- 
tion of yellow fever \irus by mouse 
and chick embryo tissues, which gained 


a favorably modified strain that made 
wide scale immunization feasible. 

The efficiency of a vector in trans- 
mitting an agent, and die resulting 
effect on the distributions of a disease, 
is determined by its biologic charac- 
terisdcs and by its numbers. Man 
and guinea pig are equally susceptible 
to R. prowazeki but the guinea pig 
never contacts typhus in nature, be- 
cause Pediciilus himayms is not a 
natural parasite. Trypanosoma cnizi 
remains viable when artifically intro- 
duced into die bedbug Cimex lectn- 
larius, die macerated tissues produced 
die disease in experimental animals, 
and yet diis arthropod does not be- 
come infected in nature. The triatoma 
and other reduviid species are so in- 
fected, but as a consequence of dieir 
distribution die disease is one of warm 
countries. The ecologic relations ap- 
pear more complicated than a simple 
matter of limited distribution of sus- 
ceptible intermediate hosts and ade- 
quate vectors, for both vectors”® and 
mammalian hosts^” have been recog- 
nized in California and more recently 
in Texas,®®”’®®'’ uith no instance of natu- 
ral human infection yet reported. The 
reason may rest in matters of the 
socio-economic environment, or less op- 
portunity for infection because the 
agent is less frequent in nature, but 
at any rate there is an epidemiologic 
problem tiiat warrants further explora- 
tion ecologically. 

The size of die vector population 
has much to do widi die frequency 
of die human disease in a given locality. 
Actual numbers are conditioned by 
speed of development, length of life, 
fertility, food supply”® and a variety 
of odier factors that bring into play 
die odier two great divisions of the 
enwonment, physical and socio-eco- 
nomic. Buxton®” summarizes his ex- 
perience in stating diat many of die 
periodical changes which may be ob- 
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served in the abundance of insects 
are due to climatic changes. The 
factors whicli limit their geographic 
spread are also frequently climatic. 

Rainfall is so closely associated with 
the incidence of malaria tliat rainy 
j’ears have come to be appreciated as 
malaria j’ears tlirough the favorable 
conditions provided for mosquito 
breeding and tlio resultant numbers. 
The rule is regular, but not invariable. 
One of the most striking e.vamplcs of 
die effect of environment on disease 
was epidemic malaria in Ccyloir'-’ in 
1935, due to drought raUicr than c.vces- 
sive rainfall. The outbreak occurred 
in die most healdiy and prosperous 
part of the island, where rainfall was 
usually high and malaria infrequent. 
A prolonged drought was followed 
by a few rains which collected in 
shallow pools along river banks and 
streams, providing excellent breeding 
places for the prevailing Anopheles 
culicifacics. But die resulting epi- 
demic, which led to some 80,000 deaths 
from malaria in die space of 7 mondis 
was not whollj' the result of phj’sical 
environment acting dirough biologic 
enwonment on a disease agent. The 
socio-economic enwonment also came 
into plaj', for die drought led to a 
failure of crops, an altered nutrition, 
and consequent decreased resistance 
of the human host. All diree great 
classes of die environment took part 
in the genesis of die epidemic through 
action on both host and agent of dis- 
ease. 

Although gross numbers of die vector 
affect disease distributions, the more 
critical consideration is the number of 
infected vectors that make contact w'th 
the human host. The aggregate of 
effective vectors is determined by in- 
fluences of the emuronment that are 
variousl}' biologic, through the habits 
and behavior of the arthropod vector; 
physical, through wind direction from 


infected native villages and swamps; 
and socio-economic, in relation to hab- 
its of clothing and customs of housing. 
More direct and precise examples of 
environmental determination of vector 
cfRciency arc the effect of humiditj’ 
on activity and behavior'"’ of terrestrial 
insects; the increasing activity of many 
insects widi a falling barometer; and 
the lessened activitj' of Plilebotomus 
in windy weadicr. 

That ecologic ease and not simple 
opportunitj’ goi'crns transmission is 
well brought out by circumstances in 
the Pacific area during the recent war. 
Dengue and filariasis were common 
diseases. Dengue spread broadly and 
rapidly from New Guinea to Hawaii,®“ 
tracing tlie course of the war island by 
island. Filariasis was encountered in 
appreciable numbers,*"' since some 14,- 
000 patients wtli tliat diagnosis were 
evacuated to continental United States. 
But filariasis did not spread like den- 
gue, altliough tlie same social environ- 
mental conditions of travel and traffic, 
customs and habit prevailed; and the 
vectors of botli diseases were widety 
distributed throughout the Pacific. 

Biologic Enmonment-Host. The 
influences of tlie biologic emdronment 
on tlie human host are sometimes 
broad, ifital and fundamental; as when 
tliey relate to competition for food 
and tlie predatory action of species, 
one on tlie other and on man. They 
are sometimes contributor}' to host sus- 
ceptibilit)', as through actirity of strictly 
pest insects on the physical state 
through loss of sleep, allergic sensi- 
tivity or psychologic disturbance. There 
is the powerful influence of chronic 
low grade infection and of the para- 
sitisms which lead to the tropical 
anemias. The effect may be as precise 
and direct as the streptococcal and 
staphylococcal infections made possible 
by tissue injury through the bite of 
sandflies. 
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The main epidemiologic interest is 
with the reservoirs®® of human infec- 
tion tliat rest in plants and animals. 
Some of the relations are simple and 
direct, as the food poisoning that re- 
sults from Salmonella and an infected 
animal host. Others are complicated 
and highly selective in their determina- 
tion of disease distribution, as the illus- 
tration to follow shows. 

Although Clonorchis sinensis, the liver 
fluke of man, cat, dog and other fish 
eating mammals has been carried to 
all parts of the world by emigrants 
from the endemic areas of the Orient, 
no new focus of clonorchiasis has ever 
developed. The infection chain is man 
or reservoir host— snail— fish— man. 
Snails ingest infected feces of mam- 
malian hosts, cerceriae from snails 
encyst in the musculature of fish and 
pass to man when fish are eaten raw. 
The adult parasite has httle if any host 
specificity, for most mammals appear 
susceptible. The cerceriae likewise 
show no specificity, since over 40 
species of fresh water fish of at least 
4 dijfferent families have been reported 
natoally infected widi metacerceriae. 
The miracidium is highly specific and 
limited to a few species of snails hav- 
ing strict Asiatic distribution. The 
failure of die infection to penetrate 
widely is due to die absence of ap- 
projiriate snail hosts and the inability 
of die miracidium to use local snail 
species. A socio-economic environ- 
mental consideration likewise enters. 
Clonorchiasis is \'ery common in dogs 
and cats of central and nordi China, 
as far as Peiping, but extremel)’^ rare 
or absent in human populations since 
fish are habitually cooked before eating. 
Such interrelated host manifestations 
are basic to an understanding of mass 
disease of man. 

Socio-Economic Environment-Agent. 
Many diseases called tropical are 
merely diseases whidi have dieir great- 


est distribution where social and sani- 
tary conditions are primitive or grossly 
defective, and nowhere is this more 
the case than in the tropics.®^ Even 
a disease like plague has its socio- 
economic component although so clear- 
ly a matter of biologic environment, 
of rats and fleas and other intermediate 
mammalian hosts and insect vectors. 
The commerce in grain, die houses in 
which men live and the customs they 
practice favor the activity of these 
biologic elements of the environment. 

In illustration of the influence of the 
socio-economic environment on an 
agent of human disease, attention is 
directed to the great frequency of 
trichinosis in temperate regions and 
its essential absence in the tropics. 
Explanation of this behavior has been 
sought in differences in light, tempera- 
ture, and humidity. The action of the 
social environment, however, offers a 
reasonable explanation. Tlie customs 
and practices of tropical man lead 
to everything of die porcine host be- 
ing eaten, with no remainders for the 
pig; consequently, an interruption of 
the chain of infection. The contrasting 
frequency of human infections with 
Taenia solium is by reason of the pigs 
ranging close to the house, human 
feces being similarly deposited and a 
resulting high rate of transmission. 

Socio-Economic Environment-Host. 
Tlie agent of amebiasis is wdely dis- 
tiibuted in temperate and tropical re- 
gions, but the clinical disease is domi- 
nantly a feature of die tropics. The 
character of die human host as in- 
fluenced by diet is suggested in direct 
relationsliip. Faust®® has stated that 
probabl}' die most important single in- 
trinsic factor which determines whether 
amebiasis in a susceptible host is acute, 
chronic or as>Tiiptomatic, is the degree 
of host resistence based on the nutri- 
tional level. Carbohydrate favors 
multiplication of the agent,®® and pro- 
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tein reduces The clinical change 
that takes place when the human host 
tiansfers from tropical to temperate 
regions is as reasonably a function of 
this social environment-host factor of 
diet, as of temperature and climate. 

The Need for Quantification. Hud- 
son=® has characterized the knowledge 
of tropical environment as empirical. 
Many facts are knowm, much informa- 
tion is suggestively reliable, but all too 
little has been quantitatively appraised. 
The preoccupation of students of trojii- 
cal medicine with tlie patient*''-and 
this has been the white man more than 
man in general-has led to a highly 
developed clinical bedside knowledge, 
to e.xtended descriptions of symptoms 
and metliods of treatment, but too little 
to tlie causes of tropical disease*** as 
they are determined by age, se.v, sani- 
tary environment, local customs and 
other factors of host and environment. 
An understanding of tlie epidemiology 
of a disease as a community or group 
problem cannot be expected to arise 
from tlie selected and biased data of 
clinics and hospitals. The need is 
for a study of tropical disease as a 
whole, of populations and their reac- 
tions. 

Epidemiology is thus presented the 
problem of determining the prevailing 
influence of environment factors on a 
communicable disease, in order first 
to explain the prevailing differences at 
a given time and secondly the change 
in places attacked according to time 
in the same district; and from that 
knowledge to develop a basis for con- 
frol. Extraordinarily slight changes'* 
in mutual adjustment between host 
arid parasite may profoundly alter 
clinical and epidemiologic manifesta- 
tions. The strategy of disease control 
is often achieved by ecologic meas- 
ures,'^* to the extent that a newly recog- 
nized environmental feature has cleared 
up problems hitherto entirely obscure. 


The need is for precise quantitative 
information in substitution for impres- 
sion, suggestion or qualitative fact. It 
may be sought in two areas. 

I'irst, there is a basic need in tropical 
epidemiology for better information of 
the movements of disease, comparable 
to that of temperate climates and based 
on the frequency of illness and deatli 
according to composition of popula- 
tions. The vital statistics of tropical 
regions suffer more tlian tlie usual 
unreliability of the census, incomplete- 
ness of reporting, diversity in methods 
of classification, and the inaccuracy 
of clinical diagnosis.** No more than 
rough estimates must often serve for 
administrative action. Tlie success or 
failure of measures introduced in the 
interests of the public health is to be 
measured only tlirough tlie aid of 
population data, by which trends and 
tendencies may be e.xpressed in terms 
of natality, morbidity and mortality. 
It is obwously unfair tliat mortality 
records serve alone, especially when 
generalization is required from such in- 
secure data as arise from hospital pop- 
ulations. 

The second need is a study of host 
and environment witli a care and pre- 
cision equal to that devoted to the 
agents of disease. All the elements 
of emaronment are not universally and 
evenly active as an influence on dis- 
ease. There is an effective and non- 
effective enwronment* but the distinc- 
tion is more a matter of degree than of 
kind. Tliis requires measurement. 
Well controlled specific quantitative 
observations on the physiologic effects 
of the physical environment are few. 
The social and psychologic effects of 
the tropical environment have yet to 
be studied objectively in appreciable 
population groups, in spite of the evi- 
dent relationship to economic®* and 
industrial** development and wholly 
aside from disease, yet intimately as- 
sociated with it 
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Specific to the General. Environ- 
ment has been analyzed as an influence 
on communicable disease in groups 
of people under tropical conditions. 
The examples given show similar situa- 
tions to exist among diseases of animals. 
Etiologically identical processes are ob- 
served in both man and otlier species, 
sometimes in a goodly number of other 
species. Often they are epidemiologic- 
ally so interwoven that an understand- 
ing of one is essential to interpretation 
of the other. The counterpart of such 
a situation can be identified widi ease 
among diseases of plants. The three 
components of the tropical environ- 
ment, distinguished as physical, bio- 
logic and socio-economic, are not a 
particular function of mass communi- 
cable disease of man, but are basic to 
the interpretation of all plant, animal 
and human infections of those areas. 

The part of environment in determin- 
ing the clinical nature and the distribu- 
tion of communicable disease is like- 
wise no special attribute of tropical 
regions, "nie same qualitative features 
of environment act on communicable 
diseases of other climates and other 
geographical areas. Quantitatively, one 
or other factor may have altered signifi- 
cance; for example the biologic en- 
vironment in temperate zones, because 
of the lesser importance of artliropod 
vectors in the general scheme. The 
suggested pattern for tlie study of 
environment is believed equally ap- 
plicable to epidemiologic problems of 
temperate and polar regions. 

Tlie interpretation and analj^sis of 
communicable disease as an ecologic 
phenomenon— the reaction of an organ- 
ism to its total enwronment— has as 
general application to the infectious 
processes of one region as to those of 
another. The relationsliips in some 
situations ma>' be more comple.v or 
more numerous, but basically the}’- con- 
form to principle. 


Tliis review has been purposely • 
limited to communicable diseases and 
the tropical environment but with no 
suggestion that these conditions are 
tlie sole medical problems of the trop- 
ics. Time was when they did domin- 
ate all considerations. Gradually, if 
indeed irregularly, the tropics make 
progress towards conditions character- 
istic of countries of tlie temperate zone, 
where metabohc and degenerative dis- 
eases rank higher as judged by death, 
defect and disability. 

An epidemiologic approach to the 
group or community problems pro- 
vided by these non-communicable dis- 
eases, is as useful as witli the infectious 
processes. Cancer, diabetes, traumatic 
accidents and heart disease as they 
affect communities of people are being 
subjected to such analyses. Tlie same 
ecologic interpretation can be applied, 
when the agent is of other nature than 
a living biologic entity. 

The tropical environment may well 
be e.xamined as an influence on cancer 
of those regions, especially tlie physi- 
cal component of environment; in rela- 
tion to the intriguing problems of 
hypertension; and usefully indeed in 
better appraisal of the socio-economic 
environment as a determinant of trop- 
ical disease of whatei'er nature. 

Summary. Each of the factors of 
environment— physical, biologic and 
socio-economic— has been considered 
individually as it acts on the host and 
on the agents of disease, to the end of 
demonstrating principle. But the il- 
lustrations themseh'es and more par- 
ticularly the definition of epidemiology 
as medical ecology, show this to be an 
oversimplification. All environmental 
factors are intimately interu^oven, each 
influenced by tlie other. Tlie produc- 
tion of disease in man is tlie resultant 
of tlie total forces within a universe, 
of an ecologic unit}'. 
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The principal advances in tropical 
medicine have been in clinical knowl- 
edge of the diseases there present, of 
the agents responsible and of the vec- 
tors involved. Tliese are parts of a 
broader problem. The fuller under- 
standing of disease in tlie tropics would 
seem to require more stress on die 
study of these conditions as mass dis- 
ease phenomena, in respect to herd 


reactions, having as an objective that 
epidemiologic interpretation so largely 
accomplished for disease of temperate 
regions. Tlie pattern has been set by 
studies on malaria and yellow fever. 
The approach is logically that of ecol- 
ogy, in terms of host, agent of disease 
and environment, with environment of 
a greater consequence in tropical medi- 
cine than under most circumstances. 
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Diseases of CiiiLnuEN’s Eves. By James 
Hamilton DoccAnT, M.D. (Cantab.) F.R. 
C.S. Eng., Ophthalmic Surgeon, Ho,spilal 
for Sick Cliildren, London, etc. Pp. 288; 
210 ills., 32 in color. St. Louis: C. V. 
Mo.shy, 1947. Price, $10.00. 

This hook was written with the intention 
of arousing wider interest in the ophthalmic 
problems of childhood. While the author has 
succeeded in bringing together enough mate- 
rial to stimulate one’s interest, the hook fails 
to he a source of information for those who 
would seek here what they cannot find, in 
any ordinary te.xtbook. It is too had that so 
much space has been taken up with material 
which should have been assumed to be al- 
ready part of the reader’s general knowledge. 
The author could have better used this space 
to give us the benefit of liis own e.vperience, 
which has been large and valuable. 

The various forms of glaucoma affecting 
children are treated on pages, and die 
only reference to buphthalmia given in the 
index is a single line on 1 page. Retino blas- 
tema, surely, should be given comprehensive 
treatment, but the information supplied here 
is less than that found in average textbook on 
ophthalmology. 

On tile whole, tlie book falls far short of 
its purpose because tlie author has failed to 
limit himself to his primar)’ endeavor. 

F. A. 


Physical Medicine in General Practice. By 
\yiLLiAM Bierman, M.D., Attending Phys- 
ical Therapist, Mount Sinai Hosp.; Asst. 
Clin. Prof, of Medicine, Columbia Univ. 
Witli a chapter on Medical Rehabilitation 
by Sidney Light, M.D.; 2nd ed. Pp. 686; 
310 ills. NW York: Paul B. Hoeber, 1947. 

■ Price, $8.00. 

The, 'comprehensive view of the field of 
Physical Medicine presented in tjiis book 
gives it value as a reference work for stu- 
dents and practitioners of Physical Medicine. 
It is commendable, too, that a chapter on 
medical rehabilitation has been included. 
The illustrations of -tlie techniques used are 
well done. On the other hand, since both edi- 
tions of tliis book include practically all tech- 
niques ever used in Physical Medicine, re- 
gardless of their proven value, it seems not 
well suited for use by tlie general practitioner, 
whose limited knowledge in this field makes 
(358) 


discrimination between good and poor tech- 
niques difficult. Also, if indications and con- 
traindications for various treatments were given 
in a more concise form, the book would have 
more value. Tlie author tacitly recommends 
by inclusion in the book, the “Knott Ultra 
Violet Irradiation of Blood”, which has not 
been considered acceptable by the Nation.il 
Research Council and the Council on Physical 
Medicine of the American Medical Associa- 
tion. The chapter on spa therapy is over- 
enthusiastic. The author has not stressed suf- 
ficiently the potential danger of fever therapy 
in inexpert hands. It seems, loo, that tlie ter- 
minology of the diseases mentioned would 
better conform wth the Standard Nomen- 
clature of Disease. J. H. 


Entwicklu.ncscesciiiciite des Krankheits- 
BEGRIFFES. VO.V Dr. EmaNUEL BeRCHOFF. 
2nd cd. Pp. 201. Wien: Wilhelm Maudrich; 
New York: Gnme & Stratton, 1947. Price, 
$5.00. 

This history of the development of the 
concepts on the nature and causality of dis- 
ease is essentially a compendium, in which 
the relevant data, to be found in the standard 
histories of medicine, have been judiciously 
and competently abstracted and collated. The 
work is devoid of originality. It does, how- 
ever, afford, as tlie fuller histories do not, 
a surve)' and encompassing view of tliis 
most important subject. For it is correct, as 
the author uiites in his preface to the sec- 
ond edition, tliat the concept of disease is 
an indispensable component of medical 
thought; and that it has a profound influence 
upon medical practice and research. 

The author traces tlie changing pattern of 
the concepts of disease from tlie pre-Hippo- 
craHc era down to our time. His treatment 
"of the controverted periods and personalities— 
.tlie Middle Ages, the Renaissance, Paracelsus, 
Mesmer, Stahl, tlie Wenna School-is alwa3's 
understanding and sympathetic. He is verj’ 
well versed in his subject, and warmly catho- 
lic in his s)'mpathies. He is, however, not so 
-well .versed in, nor so judicious in, his treat- 
ment of the contemporary scene. The author 
makes no mention of the British and American 
writers who have contributed so appreciably 
to this subject— Major Greenwood, Charles 
Creighton, F. G. Crookshank, E. W. Goodall, 
Sir William Hamer and John A. Ryle. Nor is 
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Ill’s treatment of social medicine— the con- 
cluding chapter of his work— at all creditable. 
He makes no mention of tire Nuffield Foun- 
dation or tlie Institute of Social Medicine, Ox- 
ford University. However, he does dilate on 
the health services of the U.S.S.R., and cele- 
brates Jugoslavia for “its heroic efforts on 
behalf of its workers.” I. G, 


Medical Clinics of Nouth America, Boston 
Number, September 1947. Specific Methods 
in Treatment. Pp. 1059-1319. Phila.; W. B. 
Saunders, 1947. Price, $16.00 a year. 

This symposium summarizes briefly, but 
adequately, recent thinking as regards the 
treatment of such common problems as 
Bright’s Disease, meningitis, hypertension, 
bleeding peptic ulcer, common skin diseases, 
pernicious anemia, leukemia, to.xemia of preg- 
nancy, epilepsy and contestive heart failure. 
The current status of neostigmine, histamine 
and histaminase in tlierapy is discussed. The 
chapters on the office approach to psycho- 
neuroses, on treatment in child psychiatry and 
on physical medicine are interesting and use- 
ful in themselves. Furtlier, they emphasize 
that all modem treatment is not by drugs. 
This is a timely and well selected group of 
articles, of value to every practicing physician. 

B. D. 


Neutron Effects on Animals. By tlie Staff 
of the Biochemical Research Foundation, 
Newark, Delaware. Ellice McDonald, 
M.D., Director. Pp. 198; 29 ills. Balt: 
Williams & Wilkins, 1947. Price, $3.00. 
The volume, a preliminary report of work 
undertaken in cooperation with die Manhattan 
District, consists of a collection of obser\'a- 
lions of various investigators, related to one 
anodier in a general way only. They are pre- 
sented in the same st)'le and form as used 
in medic.al periodicals. Despite die dtle, die 
experimental organisms employed include 
corn seedlings and euglena as well as die 
usual e.\perimental mammals. The presentation 
consists of a collection of die elemental)' 
facts regarding die effects of neutrons on 
the living organism with no premature attempt 
to explain mechanisms. The varied problems 
studied include alterations in blood proteins, 
resistance to infection, blood cells, and tissue 
histology rcsulUng from neutron irradiation. 
Although no corrclaUon of the various en- 
deavors is made and no conclusions dranm, 
it is of interest to note the compaUble results 
obtained by die various invesdgators. For 


e.vample, it was found diat neutron irradia- 
tion reduced die number of circulating lym- 
phocytes, reduced the concentration of gamma 
globulin in the serum;, and reduced die re- 
sistance of the organism to infection. The vol- 
ume should be of value at least to those who 
are working in die field. A. R. 


Ear, Nose and Throat. By George D. Wolf, 

M.D., Asst. Clin. Prof, of Otolar}Dgology, 

New York Med. Coll. Pp. 523; 149 ills. 

Phila.; J. B. Lippincott, 1947. Price, $10.00. 

As A refreshing innovation in this presenta- 
tion of the fundamentals of otolar)Dgolog)', 
the major porUon of diis textbook is given to 
discussions based upon symptom diagnosis 
and symptoms radier than upon diseases. 
From this practical approach die various 
clinical entities are developed and dealt xvidi 
from the standpoint of etiology, symptomatol- 
ogy, diagnosis and treatment. 

Part I deals widi the nose, throat and lar- 
ynx. Specific and concise directions are given 
for the management of emergencies. The re- 
gional subjects are considered from the view- 
point of symptoms— head pain, vertigo, ob- 
structed nasal breadiing, postnasal drip, sore 
throat, obstructive dyspnea and hoarseness. 
PART II, on die ear, discusses earache, 
chrom’c otorrhea, impaired hearing and tinni- 
tus aurium. Odier conditions met in otolaiym- 
gology such as swelling of the salivar)' glands, 
e.xcessive lachrymation and miscellaneous 
complaints are treated in Part III. Facial plas- 
tic surgei)' is presented in Part IV, while Part 
V deals widi related subjects such as— baro- 
trauma, allerg)', blood dyscrasias, avitamino- 
sis and antibiotics. An appendix discusses the 
planning and equipping of an office. 

The xvide teaching e.xperience of die au- 
dior is reflected in his clear, concise, well- 
organized text, die courageous elimination of 
controversial and traditional material, die 
careful preparation of the instructive illus- 
trations and the insertion of a well-classified, 
up-to-date bibliography for each subject. His- 
torical notes and clinical anatomy and physi- 
olog)' are introduced without die intrusion 
of irrelevant information. Wierever empha- 
sis has been deemed necessaiy’ illustrative 
case histories are used. Stress is laid upon die 
practical aspects of otolar)-ngolog)- and non- 
surgical treatment rather than upon surgical 
techniques. The format and Upography of diis 
book are excellent and the arrangement of 
contents and index such as to permit rapid 
access to a maximum of information condensed 
into a minimum of text. Tlie student, gradu- 
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ate student, teacher and practitioner will find 
tliis volume indispensable for rapid reference, 
basic instruction, authoritative guidance in 
tlierapy and bibliographic information. 

H. S. 

Calcium and Pfiospiionus in Foods and Nu- 
trition. By Henry C. Sherman, Ph.D., 
Mitchill Prof, Emeritus of Chemistry, Col- 
umbia Univ. Pp. 176. New York: Col- 
umbia University Press, 1947. Price, $2.75. 
Tins small volume presents a concisely 
written summary of our present knowledge 
of calcium and phosphorus in relation to 
nutrition. A short introduction e.xplains the 
place of tliese two elements in nature, in 
our agricultural economy and in human nu- 
trition. Five topics are then considered: 
the caldum in the body, especially its forms 
and function in tlie blood and tlie bones; tlie 
effects of foods and of growtli upon tlie cal- 
cium content of the body; a summary of the 
chemical forms and nutritional functions of 
phosphorus; a review of the eddence upon 
quantitative requirements \vitli particular ref- 
erence to minimal adequate and optimal in- 
takes; and foods as factors in providing these 
two elements and affecting their utilization. 
A final chapter summarizes and interprets 
these data in respect to modern nutrition. A 
selected bibliography of over 600 references 
serves to document tlie discussions. 

H, V. 

Case Histories in Clinical and Abnormal 
Psychology. Edited by Arthur Burton, 
Assoc. Prof, of Psychology, ^Villamette 
Univ., and Robert E. Harris, Assoc. Prof, 
of Medical Psychology, Univ. of California. 
Pp. 680. New York: Harper & Bros., 1948. 
Price, $4.00. 

This book is by clinical psychologists for 
clinical psychologists. Much of its space is 
therefore devoted to the demonstration of the 
use of psychological tests in the diagnosis, 
prognosis and treatment of cases ranging from 
the mental deficiencies to neuroses and p^- 
choses. A main purpose is to supply case ma- 
terial for courses to college students. 

A valuable introduction by Henry Murray 
mentions the acquisition of “certain medical 
principles and practices by psychologists”, 
and notes that psychologists have never pub- 
"lished a set of case records of normal people. 

The present collectioh of case histories of 
the abnormal will be used to educate the 
great numbers of new students, many of them 
veterans, who are preparing themselves for 
positions in psychology. E. B, 


NEW BOOKS 

Cazeta Mcdica Forluguesa. Editor: Paolo 
Marques, Rua dc Prata, 250-2°, Lisbon. 
Pp. 250. Lisbon, 1948. Price, $20.00. 

Wk Ann Rind, contrary to o\ir usual custom, to 
brinR to the attention of our readers this first 
number of what appears to be an important quar- 
terly journal. 

Pioneer Life in Kenluchj, 1785-1800. By 
Daniel Dhake, M.D. Edited by Emmet 
Field Horne, M.D. Pp. 257. New York: 
Henrj’ Schuman, 1948. Price, $4.00. 

Tun “rcminisccntial" letters tliat comprise this 
volume were first published in 1870 and again 
in 1907 — both editions are exceedingly rare. 
Tliough only indirectly medical, they present a 
picture composed by the leading early ph>3ician 
of the Mississippi Valley that should especially in- 
terest the medical world of this country*. 


NEW EDITIONS 

Modern Trends in Ophthalmology. Edited 
by Arnold Sorsdy. Vol. II. Pp. 600; 169 
ills. New York and London: Paul B. Hoe- 
ber, 1948. Price, $12.50. 

Tius continuation of the first volume of this 
hook published in 1940 consists of 48 short mono- 
Rrnphs hy different authors covering a wide field 
of subjects of interest to ophtlialmologists. The 
papers are grouped into 5 sections, namely: 
physiology, diagnostic procedures, pathology 
treatment, and social aspects of ophthalmology. 
As is to he expected in a book of this sort some 
sections rue better prepared than others but, on 
the whole, the high standard of the first s'oluroe 
is maintained. F. A, 

A Textbook of Clinical Pathology. Edited by 
Francis P. Parker, M.D., Assoc. Prof, of 
Pathology, Univ. of Virginia School of 
Medicine. 3d ed, Pp. 1023; 229 ills. Balt.: 
Williams & Wilkins, 1948. Price, $9.00. 

Tins new edition contains a valuable store of 
details and interpretations of laboratory tests. Sec- 
tions on the various aspects of clinical pathology 
are written by different authors, roost of whom are 
leading investigators in their field. Among the 
subjects considered are practically all aspects of 
hematology, serologic tests for siThHis, inununo- 
logic tests, hVer funch'on, assay of Wtamins and 
hormones, blood chemistry, and examination of 
sputum, feces, spinal fluid, urine, gastric contents 
and seminal fluid. The illustrations are numerous 
and clear, and the book is replete with new de- 
velonments in laboratorj’ technique and tests. 

I. Z. 

Die Lungentuberkulose beim Erwachsenen. 
Von Dr. Hermann Weber. 2d ed. Pp. 
417; 248 ills., 11 in color. Wien: Mau- 
dric’h, 1948. Imported by Gnine & Strat- 
ton. No price given. 

Essentials of Fevers. By Gerald E. Breen, 
M.D., Examiner in Fevers to the General 
Nursing Gouncil of England and Wales. 
2d ed. Pp. 351, 16 ills. Balt: Williams & 
Wilkins, 1948. Price, $4.50. 
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(From llie Massachusetts General Hospital) 


Since 1914, 53 cases of chronic con- 
strictive pericarditis have been seen 
at the Massachusetts General Hospital 
and in the private practice of one of 
us (P.D.W.), Some of these cases have 
been described in previous publica- 
tions.^’" With the addition of new 
case material, it seemed wise to re- 
view our experience, both to analyze 
more closely tlie clinical picture and 
to evaluate tlie long-term results of 
surgery. In addition we have sum- 
marized for the first time tlie patho- 
logical findings on those patients who 
succumbed to the disease or to its 
complications and on whom autopsy 
data arc available. 

The patient who complains of short- 
ness of breath, increase in girth, and 
swelling of the ankles, who shows 
prominence of the neck I'eins, liepato- 
megal}’, and peripheral edema, and 


yet has a quiet and often normal-sized 
heart may offer a puzzling diagnostic 
problem.’ A high index of suspicion 
i.s needed in tliese patients with un- 
explained heart failure or with atypical 
cirrhosis of the liver, if tlie diagnosis 
of constiictive jiericarditis is to be 
made. Tlie absence of clearcut evi- 
dence of otlier t}q)es of heart disease, 
the helpful Roentgen-ray pictures, and 
the more or less characteristic electro- 
cardiographic pattern are the most 
valuable clues. As we have become 
familiar with tlie effects of cardiac con- 
striction it has been easier to detect 
these cases. Despite tlie most careful 
studies, however, tlie etiology still re- 
mains obscure in many instances, the 
diagnosis sometimes difficult, and the 
treatment far from a simple matter. 
It should be emphasized that except in 
very mild cases the disease is a serious 

f3«i ) 
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one, carrying witli it a considerable at the onset. (These are indicated in 
disability and mortality, notwitlistand- Chart 1.) Dyspnea on effort was by far 
ing tlie encouraging advances in sur- the most common initial complaint, 
gical treatment. being followed in order by swelling of 

1. Clinical Data Concerning Our 53 ankles and shins, abdominal swell- 
Cases. A. Sex. There were 36 males palpitation, and weakness. The 
(67.9%) and 17 females (32.1%) in ^‘'ick of breathlessness in cases of con- 
the series. strictive pericarditis has sometimes 

B. Age of onset of syinpioms of been a matter of comment, but it is 
chroi^ic constrictive pericarditis. The ob\aous from this analysis tliat the 
number of cases for each age group patients themselves were aware of a 
is indicated in Table 1.* Our youngest definite diminution in dieir exercise 

TABLE 1. 

AGE AT ONSET OF SYMPTOMS OF CHRONIC CONSTRICTIVE PERICARDITIS 

(52 Cases) 


Age in Years 

Number of Cases 

% of Total 

0-9 years 

1 

1.9 

10-19 years 

IS 

25.0 

20-29 years 

13 

25.0 

30-39 years 

11 

21.1 

40-49 years 

7 

13.5 

50-59 years 

7 

TABLE 2. 

13.5 

DURATION OF SYMPTOMS OF CHRONIC CONSTRICTIVT: PERICARDITIS 

(prior to first visit to us) 

Years 

Number of Cases 

% of Total 

0 (no symptoms) 

1 

1.9 

0-1 

18 

33.9 

2-4 

19 

35.8 

3-9 

10 

18.9 

10-19 

S 

5.7 

20-29 

2 

3.8 


patient became ill at tlie age of 16 tolerance. Orthopnea as an initial 
montlrs and our oldest at tlie age of symptom was found, however, only 
58 years. Over 70% of the group were tliree times. 

between tlie ages of 10 and 40 years. E. Symptoms when first seen by vs. 

C. Duration of syinptoins of chronic (Chart 1 ^so lists all symptoms which 

constrictive pericarditis prior to first were mentioned by tlie patients when 
visit to us. (These figures are to be interrogated on their first visit to us.) 
found in Table 2.) 65% of the patients It wall be seen that these are very 
had noted symptoms for 2 years or similar in tlieir incidence to those 
more. The longest total duration of causing complaint at the onset of the 
symptoms has been 44 years. disease, altliough ortliopnea is found 

D. Initial symptoms. It is of in- "witli increasing frequency. Again, 
terest to ascertain what symptoms were shortness of breath on effort was 
first troublesome. In some cases, 2 or outstanding complaint. Investigation 
even 3 symptoms appeared together of the group of patients who were 

* We have not included in Table 1 one patient, aged 23 years, who ■was symptom -free 
despite clear evidence of pericardial constriction. 
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dyspneic (41 cases) as contrasted widi 
the smaller group of patients who were 
not (12 cases) shows an almost identical 
incidence of unilateral and bilateral 
pleural effusions (as found by Roentgen- 
ray), ascites, and amicular fibrillation or 
flutter. It would therefore appear that 
shortness of breath is not necessarily 


tire result of a reduction in tlie lung 
volume secondary to hydrotliorax or a 
high diaphragm, or to die presence 
of a cardiac arrhythmia, but is conse- 
quent to a reduced pulmonary blood 
flow, or to congestion in the pulmonary 
circulation, resulting from cardiac 
tamponade. 



D»Komforl 


Chari 1, Sj'mptoms (53 Cases) 



Chart 2. Physical Findings (53 Cases) 
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F. Physical findings when first ex- 
amined. An enlarged liver was the 
commonest finding, and the actual in- 
cidence of heiiatomegaly is undoubt- 
edly higher than is indicated on Chart 
2, due to the fact that liver enlarge- 
ment could not be demonstrated where 
marked ascites was present. Promi- 
nence or pulsation of the cervical veins 
(with tlie patient in tlie erect position) 
was noted in lofo of the patients but 
was iMobably isresent, in minor degree 
at least, in tlie remainder. Ascites, 
liei'ipheral edema, and signs of pleural 
fluid or pleural thickening were found 
in the majoritj'. The fact that ap- 
proximately half of tlie patients were 
observed to have an accentuation of 
the second sound in the pulmonic area 
is a significant physical finding, both 
in view of tlie incidence of dyspnea 
and tlie relatively few (22%) who were 
under 20 years of age when examined. 
It suggests the imjiortance of left, 
as well as right, ventricular constric- 
tion. Anotlier interesting auscultatory 
finding was tlie presence of a distinct 
third sound at die apex- or at die lower 
left sternal border, or at bodi areas, 
in 15 of the cases. Slightly less than 
half of the group showed narrowung 
of the pulse pressure (and diis was 
marked in only 4 patients) or pulsus 
paradoxicus. Uncommon were rales 
in the lung fields, splenomegaly, and 
a pericardial friction rub. 

No consequential murmurs were 
noted, except in 3 patients. A loud 
apical systolic murmur was heard in 2 
patients, 1 of whom showed aortic 
stenosis at autopsy. In a third patient a 
loud systohe murmur was found in 
the fourth intercostal space along the 
left sternal border and was accompa- 
nied by a systohe thrill; at first Ais 
was thought to be typical of an in- 
cidental interventricular septal defect, 
but of late it has become much less 
loud and is now considered to be of 
doubtful significance. 


G. Heart size. Determination of the 
heart size by physical examination was 
unreliable, due to the frequency of 
pleural thickening and effusion and be- 
cause of the feeble character of the 
apex impulse. Roentgenographic ob- 
servations were made on admission in 
each case, however, and revealed a 
normal cardiac shadow in 24 patients 
(45.2%), a slight increase in size in 9 
(17.0%), a moderate enlargement in 17 
(32.1%), and a greatly enlarged heart 
in only 3 (5.7%). 

H. Incidence of calcification in the 
pericardium. Calcium was demon- 
sti’ated to be present in tire pericardium 
by Roentgen-ray study, observations at 
the time of operation, or postmortem 
e.xaminah’on in 29 of the 53 cases 
(54.7%). 

I. Cardiac pulsations as observed by 
fluoroscopy. No information is avail- 
able on tlie character of tlie pulsations 
oi tlie heart in 13 patients (24.5%). 
In 26 patients (49.0%) fluoroscopy at 
the time of admission revealed a defi- 
nite diminution of the pulsations of the 
heart, at times limited to one border, 
and in 6 patients (11.3%) there were 
no cardiac pulsations Wsible. It is 
verj' important to note that in 8 cases 
(15.2%) normal excursions of the heart 
were described. 

J. Incidence of hydrothorax. Chest 
Roentgen-ray films disclosed that pleu- 
ral fluid was present in 28 of the 53 
cases (52,8%). This was hmited to the 
right pleural caiity in 11 patients, was 
confined to the left pleural caiuty in 3 
patients, and was bilateral in 14. 

K. Electrocardiographic findings. 
Electrocardiograms were available on 
52 of the 53 patients in the series. The 
rhjdlim was normal throughout in 32 
of these (61.5%). In the remaining 
20 patients (38.5%) abnormalities con- 
sisting of auricular fibrillation (18 cases) 
or of auricular flutter (5 cases, in 3 of 
which aruicular fibrillation was also 
noted) were present as follows: 
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auricular fibrillation, apparently 
permanent (6 of these cases 

were operated upon) 12 cases 

auricular fibrillation with one 
transient reversion to normal 
rhythm (no operation perform- 
ed) 1 case 

normal rhythm followed by ap- 
parently permanent auricular 
fibrillation (no operation per- 
formed) 2 cases 

normal rhythm followed post- 
operatively by auricular flutter, 
then fibrillation, apparently 
permanent 1 case 


auricular flutter followed post- 
operatively by auricular fibril- 
lation, apparently permanent. 2 cases 
auricular flutter, apparently per- 
manent (surgery performed) . . 1 case 
auricular flutter, transient, post- 
operative only 1 case 

It will be observed tliat in no in- 
stance was jiartial resection of the 
pericardium followed by normal 
rhytlim when an arrhytlimia existed 
prior to operation. It is also of in- 
terest that the 32 patients whose rhythm 
was normal at the time of admission 
had been having symptoms for an 
average period of only 2.8 years, where- 
as the 15 patients whose rhythm was 
abnormal on admission and remained 
so had an average duration of symp- 
toms of 7.4 years. The rhythm was 
described as clinically normal in tlie 
one patient who had no electrocardio- 
gra'i’n recorded. 

The height of tlie greatest QRS 
complex in the limb leads was no 
greater than 3 mm. in 17 cases (32.6%); 
left axis deviation was found twice 
and right axis deviation only once. 
The T wa\'es in all tlie limb leads were 
low, flat, or inverted in 45 patients 
(86.5%). These figures call attention 
again to the importance of the elec- 
trocardiographic pattern of low voltage, 


and flattening of the T waves with or 
without auricular fibrillation, as an ex- 
tremely valuable clue in the diagnosis 
of chronic constrictive pericarditis. 
This point was well demonstrated in 
one of our own patients on whom 
various otlier diagnoses had been en- 
tertained until tlie electrocardiogram 
directed attention to a constricting 
pericardium as the underlying disease 
process. 

L. Other laboratory findings. The 
venous pressure was determined in 36 
of the patients, using the inti-avenous 
method, and was found to be greater 
tlian 150 mm. of water in 33; tlie 
readings were 110, 130, and 140 mm. 
of water respectively in the remaining 
3 cases, still suggesting elevated read- 
ings. A significant anemia (less than 
75% hemoglobin or 4 million red cells 
per cubic millimeter) was uncommon, 
being present in but 9 out of 51 pa- 
tients on whom such hematological 
data are available. The total serum 
protein was assayed in 38 cases and 
was normal in 20, high (10.2 gm. per 
100 cc.) in 1, and low (less than 6.0 gm. 
per 100 cc.) in 17. Tlie albumin/globu- 
lin ratio was found to be definitely low 
(less tlian 1.2) in 4 out of 17 determina- 
tions. 

2. Results of Surgery." Surgical ex- 
ploration vutli pericardiolj'sis and par- 
tial pericardiectomy was undertaken 
on 42 patients, 36 of whom were 
operated upon only once. Five pa- 
tients were operated upon twice be- 
cause of failure of the first procedure 
to improve tlieir clinical status satis- 
factorily, and one patient has been 
operated upon tliree times. An anterior 
or anterolateral precordial incision v^as 
used in all cases, vitli tlie exception 
of one case in which a posterolateral 
incision was employed.'' 


for I\ie gmlifying results obl.iincd in these cases. wgecaer resporrsibSe 
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Truly remarkable recoveries were arterial embolism (following an omen- 
made in 15 of tlie 42 patients tlius topexy), empyema, pneumonia, and 
operated upon, and they are regarded widespread sepsis. Four other patients 
as having been essentially cured of died from 4 to 9 months after their 
their symptoms. Table 3 indicates the operations from the effects of their 
extent of tins striking b-ansformation, underlying disease. Tlie cause of death 
including tlie disappearance of all dis- of 1 otlier patient, who died in another 
abling symptoms and of almost all city 2 months after pericardiectomy, is 
abnormal physical findings. not known. 

Anotlier group of 10 patients showed 3. Status of Patients Not Operated 
definite improvement following opera- Upon. Seven patients were thought 
tion: 8 are living, and 2 died six years to be too ill for surgery, and all were 
following pericardiectomy. That sur- heated medically in tlie hope that 
geiy was of benefit to tliem is unques- their clinical condition might improve 
tioned, and, as may be seen in Table to tlie point where the risk of operation 
4, their symptoms were ameliorated was reasonable. All of these patients 
and tlie effects of pericardial constric- are now dead, a few months to 12 years 
tion diminished. after we had first examined them. Two 

There is one additional patient whose of tliese were proved to have tubercu- 
last operation took place less tlian 1 losis and tlie otlier 5 died in conges- 
year ago. Altliough he is doing well, tion. 

we have not included him in our fol- The effects of die constrictive peri- 
low-up figures, as we need a longer carditis were so minimal in 2 patients 
period of postoperative observation for that surgery was drought to be un- 
accurate appraisal. The surgical ap- necessary. One of diese patients had 
proach in his case was unusual and has mild symptoms for over 50 years and 
been made die subject of a separate finally succumbed at the age of 76 
report. (lie has been reported extensively in 

Satisfactory or excellent results have a previous publication^); while the 
thus been obtained in 25 (60.9^) of otiier had until recently been only 
the patients coming to operation. mildly inconvenienced by the presence 

Of the remaining 16 patients (Table of palpitation secondary to auricular 
5), 6 died as the result of the operative fibrillation. 

procedure itself. Three of these sue- One patient died in congestion be- 
cumbed on the operating table, 1 died fore the operative series began, and 
one day postoperatively with pulmo- anotiier patient could not be traced, 
nary edema, 1 died of pulmonary em- 4. Pathological Studies. A review of 
holism on the second postoperative day some of the findings at operation, as 
(he is tlie only case included in the well as of the gross and microscopic 
series who was operated upon at an- findings on the 16 autopsied cases, 
other hospital), and 1 of bronchopneu- throws considerable light on the extent 
monia and pulmonary edema 6 days of the patliological changes, the variety 
after surgery. of tissues involved, and some of the 

Another group of 5 cases demon- reasons why surgical removal of por- 
strates death from complicating dis- tions of the anterior and anterolateral 
eases. All survived the immediate ef- portions of the pericardium failed at 
fects of pericardiectomy but died from times. It is to be remembered that 
1 month to 2 years later of illnesses these data come largely from the most 
which included acute pancreatitis, severe examples of the disease. 
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TABLE 5. STATUS OF PATIENTS UNIMPROVED OR ONLY TEMPORARILY 

BENEFITED BY SURGERY 

Died on operating table (during first operation) 

Died on operating table during second operation (status not materially improved by first operation) 

Died in pulmonary edema 1 day postoperativcly 
Died of pulmonary embolism 2 days postoperativcly 

Died of bronchopneumonia and pulmonary edema 6 days postoperativcly 
Died of acute pancreatitis 1 month after second operation 

Died of general sepsis 1 year postoperativcly j r -i j 

Died of arterial embolism following an omentopexy (2 previous partial pericardiectomies had failed to 
improve his condition adequately) c j- 

Died of a type HI pneumococcal empyema 1 year postoperativcly, tlie symptoms and signs of cardiac 
tamponade having been much improved temporarily 

Died of bronchopneumonia 2 years postoperativcly, without having benefited significantly from surgery 
Died 4, 6, and 9 months postoperativcly, respectively, in congestion 
Died 6 months postoperativcly, ? due to complicating Addison s disease 

Died 2 months postoperativcly, cause of death not known 


Total 


At the time of operation tlie surgeon 
observed evidence of an active in- 
flammatory process in the pericardium 
in 6 cases (the total number coming 
to surgery was 42). The note on one 
such patient mentions tliat “diere were 
multiple small bleeding points and tlie 
entire surface of the heart presented 
the appearance of a subacute inflam- 
matory process.” In anotlier instance 
tlie situation was complicated by 
“edema and ratlier recently appearing 
inflammatory reaction which fused tlie 
pleura and pericardium together . . . 
tlie pericardium was very adherent 
and the adhesions were much more 
vascular and a cleavage plane less 
easily found tlian in the average case 
of longer duration. . . .” Similar re- 
marks were made in the records of 4 
other patients. It is interesting that 4 
of these 6 cases are now tliought to 
have been cured by operation, and 1 
has improved aldiough 2 operations 
were required for relief. 

The tyjiical findings in the pericar- 
dium at operation on tlie otlier cases 
w'ere those of extensii'e old fibrosis 
and scarring. The pericardium was 
thickened and tough and, as noted 
prci-iousl)', at times contained calcium 
deposits; and the pericardial cai'it}' in 
so far as it could be e.xaniined was 
usually obliterated. On resection of a 
portion of this constricting envelope, 
the surgeon often observed tliat tlie 
released auricles and ventricles filled 


more fully. It is clear that much of 
the epicardium, as well as tlie peri- 
cardium, was removed in certain cases, 
botli because tlie two membranous lay- 
ers were so fused tliat a plane of dis- 
section between tliem could not be 
found and because removal of the 
epicardium itself was often a prere- 
quisite to adequate diastolic filling. 

Considering tlie condition of tlie 
pericardium as found at autopsy, we 
discovered tliat in only 2 instances did 
small, free, unobliterated pockets of 
pericardial cavity persist. In tlie otlier 
14 autopsied cases the pericardial and 
epicardial surfaces had completely 
fused. The pericardium was tliickened 
in all cases, the greatest thickness rang- 
ing from 3 to 20 mm., and in 11 of the 
siiecimens calcification was present. 
The extent of tliis calcium deposition 
is indicated in Table 6. It will be 
seen tliat all surfaces were ini'olved 
in 4 cases, tliat calcified rings were 
found in 2, and tliat tlie pericardium 
overhung the chambers of tlie heart 
was variably affected in tlie remaining 
5. In partieular, the posterior aspect 
of tlie left ventricle— an area out of tlie 
reach of the surgeon from the anterior 
approach— was calcified in S instances. 
Tliere was only 1 example of a fibrotic 
ring constricting tlie great veins as 
tliey entered tlie heart. It seems ap- 
parent from these findings tliat in some 
cases of constrictive pericarditis, re- 
moval of the anterior or anterolateral 
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portions of tire pericardium alone may 
be inadequate to release auricular and 
ventricular action completely. 

Anotlrer reason why certain patients 
witli tliis disease may not achieve com- 
pletely satisfactory clinical results fol- 
lowing surgery is to be found in a study 
of tire myocardium itself. In 4 patients 
tlie surgeon commented at operation 
upon the flabby or tliin appearance of 
the heart wall. In 1 of tliese the 


sis was thus produced which probably 
e.\i)lained the auscultatory evidence of 
mitral stenosis observed during life. 
Microscopic studies of tlie myocardium 
showed degenerative changes in 5 of 
tire 16 so studied. Two of tlrese show- 
ed relatively slight myocardial fibrosis. 
An interesting finding in a few of 
the cases was adventitial and peri- 
vascular edema and fibrosis due prob- 
ably to an extension of tire process in- 


TABLE 6. EXAMINATION OF THE PERICARDIUM AT AUTOPSY 

(16 Cases) 


Thickened pericardium 
Calcification of the pericardium 

1 ) complete 1 

2) complete save for operative defect 1 

3) “extensive*" 1 

4 ) smaii amount diffusely 1 

3) anterior, right lateral, and diaphragmatic surfaces 1 

6) entire left ventricle and right auricle 1 

7) left ventricle (anterolateral and part posterior aspect) 

and right ventricle 1 

8) posterior aspect left ventricle 1 

9 ) lateral and posterior surfaces of heart 1 

10) hand around A-V groove 1 

11) ring around apex 1 

Complete obliteration of pericardial cavit>* 

Fihrotic ring around venae cavae 


16 

11 


14 

1 


friable character of the muscle was 
graphically described by tlie surgeon’s 
note, which stated: “I was gently spong- 
ing in the depths over tlie right auricle 
with a moist cotton pledget in a Hart- 
mann forceps. Suddenly to my horror 
the forceps plimged into tlie cavity 
of the heart and there was a profuse 
hemorrhage of dark venous blood.” 
The bleeding was controlled, and the 
patient is now well. In anotlier case 
the right ventricle was similarly rup- 
tured but was patched ivith pericar- 
dium and the patient survived. 

At autopsy it was found tliat calcifi- 
cation extended into the myocardium 
itself in 4 instances, in 1 case forming 
a solid core of calcium through the 
right ventricular wall appearing on the 
endocardium, and in the other 3 cases 
penetrating the left ventricle and im- 
pinging upon the mitral valve. In 1 
of the latter cases a slight mitral steno- 


ward from the thickened visceral peri- 
cardium. 

The possibility has also arisen that 
the formation of scar tissue over the 
defect in the pericardium resulting 
from the partial pericardiectomy might 
reproduce the same constriction of the 
heart that was present prior to opera- 
tion. There are 4 instances in which 
such scar tissue found at the time of 
postmortem examination may have 
been of significant effect. In 3~ of 
these, dense fibrous tissue had replaced 
the area of pericardium which had 
been removed; in the fourth a moder- 
ate amount of scar tissue had formed. 
Regarding another patient, on whom 
2 partial pericardiectomies were per- 
formed, the surgeon remarked at the 
time of the second procedure that “at 
the lower end of the incision consider- 
able scar tissue botmd the heart to 
the sixth costal cartilage. This was 


* These 3 patients aU died from complicating disease, but 2 of them appeared to have re- 
ceived definite benefit from surgery. 
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resected and in itself appeared to give 
consideralily more freedom to the 
heart/’ 

Tliere are thus called to mind 4 
conditions which may interfere widi 
the success of a pericardiolysis and 
partial pericardiectomy: (1) incomplete 
removal of constricting pericardial tis- 
sue, (2) disease of die myocardium it- 
self, (3) formation of constricting scar 
tissue over the defect in the pericar- 
dium (apparently a relatively insignifi- 
cant factor), and (4) persistence of an 
active inflammatory process. 

Adhesions extending from the peri- 
cardium into the mediastinum and in- 
volving the esophagus and other sh-uc- 
tures were found only twice. 

Plem'al involvement, with pleuritis 
at times completely obliterating a 
cavity, was discovered in 15 of die 16 
autopsied cases. This pleuritis was 
bilateral in 13 and was limited to the 
right pleural cavity in 2 instances. A 
bilateral hydrothorax was present in 
6 cases, a right hydrotliorax in 2, and 
a left hydrothorax in 3, Active pulmo- 
nary tubei'culosis was noted only once. 

An abnormal liver was a character- 
istic finding in all 16 of these postmor- 
tem examinations. Four of the livers 
weighed more than 1600 grams, and 
a perihepatitis was present in nine. In 
14 a definite cirrhosis was present and 
most of these were diagnosed as car- 
diac in tj’pe. Cardiac, or what Koletsky 
and Barnebee'"’ prefer to call “con- 
gestii'e,” cirrhosis supposedly results 
from long standing passive conges- 
tion. Aldiough the early changes in 
this condition arc limited to die central 
areas, ^•ar^ing degrees of portal fi- 
brosis are usuall)’ present, accounting 
for a diagnosis of portal and unclas- 
sified cirrhosis in a few of the cases. 

Most of the reports dealing with 
cardiac cinhosis emphasize that the 
fibrosis ma)' be limited to the central 
areas, but that in cases with very long 


periods of congestive failure the fi- 
brosis is also portal, and the cases of 
constrictive pericardids would fit into 
this latter group. The usual explana- 
tion for the portal fibrosis is that die 
clironic passive congestion produces 
anoxemia and thus makes the liver cells 
anywhere in the lobule more sus- 
ceptible to injury. 

In reviewing the lii'er sections in 
diis series of constrictive pericarditis 
cases, it was apparent diat portal 
fibrosis was quite prominent in most 
of the cases. In a few cases diis was 
most marked in the parenchyma not 
far from areas of perihepatitis, and it 
is quite possible diat the portal fibrosis 
is in part due to extension down from 
Glisson’s capsule. 

Another factor, and one diat has 
not been emphasized before, although 
it is probably more important than the 
above-mentioned considerations, is the 
finding of marked intimal thickening 
widi luminal narrowing, and in some 
cases definite thrombosis with recanali- 
zation, of the hepatic veins. This endo- 
phlebitis process due to long standing 
high venous pressure must have pro- 
duced a mild Chiari syndrome leading 
to portal hypertension, portal fibrosis, 
and possibly additional ascites. Con- 
firmation of this portal hypertension 
is found in the presence of spleno- 
megaly in some of diese cases. Most 
of die spleens weighed over 300 grams; 
diree weighed 350, 430, and 600 grams 
respectively. Since some cases of un- 
questioned cardiac cirrhosis resulting 
from I’ah ular heart disease have shown 
similar hepatic i^ein changes, it is be- 
lieved that the cirrhotic changes 
(wliedier central or portal) in chronic 
constrictive pericarditis are die result 
of chronic passive congestion and can 
be legitimately called ‘cardiac” or “con- 
gestive" cirrhosis. 

A perisplenitis was diagnosed in 9 
cases, and there was a chronic peri- 
tonitis present in 3. 
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5. Etiology. In 56.5% of tlie pa- 
tients of our series neither tlie history 
nor the laboratory studies gave a clue 
as to the etiology of the disease pro- 
cess. (Sections of the pericardium 
were available for mieroscopic study 
in 46 of our 53 cases.) The charac- 
teristic story was one of a gradual 
awareness of ill-health, coming on over 
months or years without an acute or 
otherwise remarkable illness initially. 
On reviewing the records, not only do 
we find tire past history to be of no 
assistance but there is no e^'idence of 
unusual familial incidence of tubercu- 
losis or rheumatic fever and no refer- 
ence to close contacts with friends or 
relatives afflicted with these diseases. 

A tuberculous origin was demon- 
sti'ated in 9 patients (17.0%) eitlier by 
guinea pig inoculation of the peri- 
cardial fluid or by patlrological study 
of the pericardium. Tliree of these 
patients were females. A pericardiec- 
tomy was either performed or attempt- 
ed on 7 of the 9, with one patient 
dying on the operating table, 1 dying 
die day after die procedure, 1 succumb- 
ing a month later to a complicating 
pancreatitis, and 1 dying 2 years later 
of pneumonia (minimal active pulmo- 
nary tuberculosis was present at autop- 
sy also). Three patients are alive and 
well from 3 to 6 years after surgery. 
The other 2 patients died after a six 
month and a 2 year illness respectively, 
without attempt at operation (1 of these 
showed miliary tuberculosis at post- 
mortem examination). Thus 6 of the 
group are now dead. 

This group of 9 cases is too small 
for definite conclusions, but a few 
observations on die clinical and patho- 
logical findings may be pertinent. It 


may be significant that only 2 of these 
patients had been ill for as long as 
2 years when first seen by us, and the 
odiers for only a year or less, whereas 
in the rest of the cases in the series 
74% had noted dien symptoms for 
2 years or more. The infrequency of 
pericardial calcification and of cardiac 
arrhythmias is also of interest, these 
findings being noted only once each 
(and both in the one patient who had 
been ill the longest).'"’ By contrast, 
38% of the other 44 cases showed 
auricular fibrillation or flutter and 64% 
showed a deposition of calcium in the 
pericardium by Roentgen-ray examina- 
tion or by pathological study. In only 
1 case was there diagnostic evidence of 
active tuberculosis elsewhere than in 
the pericardium. 

A review of the microscopic findings 
in the pericardial sections obtained at 
the time of autopsy or from surgical 
biopsy specimens from both tubercu- 
lous and nontub erculous cases dis- 
closed tivo additional and important 
considerations. First, it is obvious that 
the diagnosis of tuberculous pericarditis 
may be missed if an inadequate number 
of tissue sections is studied. In 1 
recent case, extensive examination of 
numerous microscopic sections was re- 
quired before clear cut evidence of 
tuberculosis was found. It is not hard 
to see how failure to select the right 
portion of pericardial tissue or to take 
additional sections from tissue blocks 
may result in a report merely of fibrosis 
or inflammation and fibrosis. Secondly, 
there is no sharp dividing line between 
tlie microscopic picture of healed tuber- 
culous pericarditis and what may be 
called idiopathic constrictive pericar- 
ditis. In both conditions pericardial 


* Since the above was \vritten, another tuberculous case, a 23 3 'ear old patient of Dr. Conger 
Williams, has been seen at the Massachusetts General Hospital. He had been ill for 4 months 
with evidence of progressive cardiac tamponade and died a few hours after admission to the 
hospital. Postmortem study disclosed a thickened pericardium which did contain some cal- 
cium, and microscopic sections revealed tuberculous involvement of the pericardium^ and of 
the mediastinal nodes. No arrhythmia had been observed, and it is of interest that his illness 
was of such short duration. 
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encountered in “idiopathic” cases) on 
the otlier. It is important tliat in two 
cases healing tubercles were present in 
the operative specimens but no evi- 
dence of tuberculosis was found at post- 
mortem examination 2 and 3 years 
later. 

It is not easy to distinguish between 
healed tuberculous and healed “non- 
tuberculous” constrictive pericarditis by 
history or by physical examination or 
by patliological study. 


died at the age of 24 and was found 
at autopsy to have “chronic rheumatic 
endocarditis” with aortic stenosis. In 
no case, however, was there a history 
typical of rheumatic fever. 

In 3 additional patients the past 
history contained highly suggestive, but 
not conclusive, evidence of a previous 
acute pericarditis. One of these pa- 
tients had been acutely ill for 2 months 
witli fever and pain in his precordial 
region 10 years prior to tlie onset of 


Table 7. ETIOLOGICAL BACKGROUND 
(53 Cases) 


Number of Cases 


Unknown 

Tuberculosis 

History of Acute Pericarditis 

Previous acute pericarditis unaccompanied by other clinical abnormalities 4 

Previous acute pericarditis complicating: 

1) endocarditis with mitral murmurs, arthritis (with history of bilateral pneu- 

monia and left plueral effusion 2*^ years before); chronic rheumatic endo- 
carditis and aortic stenosis at autopsy 1 

2) acute polyarticular rheumatism, endocarditis, myocarditis, bilateral hydrothorax 1 
Probable previous acute pericarditis with: 

1) 4-day illness at age of 16 months diagnosed as probable pericarditis 1 

2) episode of anterior chest pain, nausea, vomiting, diagnosed as coronar>' throm- 
bosis 1 

3) 2-month febrile illness with precordial chest pain 1 

Miscellaneous 

Pleurisy preceding onset of chronic S)TOptoms 2 

• Pneumonia preceding onset of chronic s>*mptoms 1 

‘Influenza” preceding onset of chronic sjTnptoms 1 

History of “water on stomach and large liver” during a febrile illness of 2. months 

duration 7 years prior to onset of chronic sj-mptoms 1 


80 

9 

9 


5 


^0 of Total 
56.5 
17.0 
17.0 


9.5 


Total 


53 100.0 


A history of a 'previous acute peri- 
carditis was obtained in 6 of the 53 
cases. In this group tlrere were 4 
patients in whom an illness consistent 
with acute pericarditis alone, without 
major involvement of other structures, 
was described. In 3 of these, symptoms 
suggesting pericardial consti'iction fol- 
lowed soon after the initial acute in- 
volvement, but the patients did not 
come to us for treatment for 4, 2, and 1, 
years respectively. In the fourtlr case 
there was a 29 year period of good 
health after acute pericarditis followed 
by 2 years of dyspnea and ankle edema 
before we saw him. In the remaining 
2 cases pericarditis was merely one 
complication of a more diffuse disease 
process, as indicated in Table 7. The 
latter group includes a patient who 


his symptoms. Another had been hos- 
pitalized because of an illness with 
sharp pain across his anterior chest 
associated with nausea and vomiting, 
which was diagnosed as coronary 
thrombosis; in retrospect it appears 
that tire probable correct diagnosis w^ 
acute pericarditis. The third patient 
was thought by her orvn physician to 
have had pericarditis at the age of 
16 months, but a definite diagnosis was 
not made; shortly after this episode 
she developed the symptoms and signs 
of a chronic cardiac tamponade. 

None of these patients was proved 
to have tuberculosis, pericardial or 
otherwise, and the causative factor or 
factors in their original pericarditis 
remains uncertain. In particular, we 
are not impressed by the evidence for 
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a rheumatic background to the group 
as a whole. Three of these 9 cases 
with a history of initial acute peri- 
carditis are now living; pericardial 
calcification was found in 5 of tliem, 
and 3 showed auricular fibrillation. 

Finally, mention should be made of 
2 patients who gave a history of pleuri- 
sy (“without pericarditis”) during the 
few months prior to the onset of tlieir 
chronic symptoms and of an additional 
2 patients whose initial acute illnesses 
were diagnosed as pneumonia and in- 
fluenza respectively. There is, more- 
over, 1 patient who is said to have had 
smothering attacks, “water on her 
stomach and a large liver” during a 
febrile illness of 2 months’ duration 
7 years prior to the onset of her chronic 
symptoms. This could certainly have 
been acute pericarditis with eflusion. 

It is obvious tliat many of tliese pa- 
tients had more tlian one type of serous 
membrane involved and that a poly- 
serositis did in fact e.xist, idiopatliic in 
origin. Such a designation is broadly 
inclusive and has a descriptive value; 
it does not, however, help to elucidate 
the nature of tlie disease process. 

6. Discussion. That orthopnea is not 
one of tlie commoner symptoms in 
chronic constrictive pericarditis should 
not obscure tlie fact that shortness of 
breath itself is the most frequent com- 
jilaint which tliese patients have. As 
we have seen, not only does it occur 
hiore often than an\' other symptom 
but also it is found most frequently 
as die initial complaint. Our investiga- 
tions tend to rule out a concomitant 
hydrothorax, a high diaphragm from 
ascites, or the presence of auricular 
fibrillation or flutter as the significant 
factor, and point radier to consti'iction 
of die heart itself as being a most 
important element in its production. 
We have obsen-ed clinically that an 
increase of the intensity of tlie second 
pulmonic sound is often present as an 


indication of an increased pressure in 
the puhnonar)' arterial system. 

We have also noted at autopsy that 
the left venti'icle (as well as the rest 
of the heart) undergoes constriction and 
that the pericardium overlying it is 
frequently calcified. It is logical to 
assume that in most patients with con- 
strictive pericarditis it is the whole 
heart which is affected and not niei'ely, 
or even predominantly, the chambers 
of the right side. 

It is also impoi'tant to sti'ess the fact 
that die heart is not necessarily normal 
in size in constrictive pericarditis. 
Moderately large hearts occur in about 
one diird of the cases, and occasionally 
even a very large heart is found. More 
valuable than determination of die 
heart size are Roentgenographic ob- 
servations of the irresence of pericardial 
calcification and die character of die 
cardiac pulsations. These studies, plus 
the electi’ocardiographic pattern previ- 
ously described, are among die most 
helpful diagnostic tools, aldiough tiiey 
do not supplant a well taken history 
and a careful physical examination. 

In many of our cases surgical re- 
moval of pericardium overlying die 
anterior surface of the heart, togedier 
widi a lysis of lateral and apical ad- 
hesions, was adequate to relieve die 
mechanical embarrassment and allow 
essentially normal systolic contraction 
and diastolic filling. In a minority of 
the cases tin’s procedure alone was not 
enough, and witii tiiis e.xperience we 
anticipate diat a more generous peri- 
cardiectoniy will liaise to be performed 
at times in future patients if satisfac- 
tory results are to be achiei-ed. The 
operation is not to be undertaken 
lightly, for these patients are often 
in a “poor risk” group and a single 
procedure may not be enough. As we 
have seen, die mi'ocardium itself may 
be involved, in addition to disease of 
die pericardium, pleura, and liver. A 
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skilled surgeon is required, and close 
co-operation between him and the at- 
tending cardiologist is a prerequisite 
to success. It is probably wise to 
reserve operation for those patients 
whose symptoms significantly hmit 
their activities and to treat by medical 
measures alone those who have only 
a minimal disability, especially if they 
are in the older age group. 

Study of the etiological background 
of our cases provides an unsatisfactory 
answer to tlie questions: What is the 
cause of clironic constrictive pericardi- 
tis? Are all these patients suffering 
from the same disease? Are they all 
tuberculous in origin? 

Harvey and Whitehilb state that of 
17 patients with tuberculous pericarditis 
without effusion, 5 developed a cfinical 
picture consistent witli chronic con- 
strictive pericarditis (all 5 died). More 
recently, Pickering® in London ob- 
served 16 cases of tuberculous peri- 
carditis and has found that 14 of them 
progressed to tlie stage of pericardial 
constriction, 7 coming to surgery. Ed- 
wards^ in Liverpool has also followed 
8 patients witlr proved tuberculous 
involvement of the pericardium and 
has seen all of them develop the cfinical 
picture of chi'onic constrictive peri- 
carditis. The reported incidence of 
tuberculosis in patients suffering from 
chronic constrictive pericarditis itself 
varies: Blalock and BurwelP made a 
diagnosis of tuberculosis in 18 of theii’ 
28 cases; Pickering encountered 11 
cases of chronic constrictive pericarditis 
(not drawn from the group of tubercu- 
lous pericarditis mentioned above) and 
believed tliat all but 1 were tubercu- 
lous in origin although actual proof 
was lacking.* These and other reports, 
as well as our own data, emphasize 
that both tuberculous and chronic con- 
strictive pericarditis predominate in 


males, and that tlie onset of tuberculous 
pericarditis may be so insidious as to 
escape early detection. It is also clear 
tliat isolation of tubercle bacilli from 
pericardial, pleural, or peritoneal fluid 
is not readily accomplished. 

Our small group of 9 proved tuber- 
culous cases seems, as we have pointed 
out, to have an unusually short period 
of ill health, whieh to some extent 
distinguishes them from the rest of 
tlie cases in the series and which may 
explain tlie infrequency of cardiac 
arrhythmias and of pericardial calcifica- 
tion. We wonder why the other 44 pa- 
tients witli idiopatliic constrictive peri- 
carditis did not show signs of tubercu- 
lous involvement of other organs at 
some time; and we also wonder whv 
pathological study of the pericardium 
was unreveafing in so many cases 
(although we have commented upon 
some possible reasons therefor). It may 
be postulated that these cases repre- 
sent an old, burned-out tuberculous 
pericarditis analogous to an old tuber- 
culous pleurisy, and hence that as in 
the latter condition microscopic study 
might not disclose typical tubercle 
formation. Evidence of an active in- 
flammatory process was found at the 
time of operation on 6 patients, how- 
ever, and in only 1 of these was the 
diagnosis of tuberculosis made by 
pathological examination of the section 
of pericardium removed. Although 
we believe that the theory of tlie tn- 
berculous origin of essentially all cases 
of chronic constrictive pericarditis has 
much to recommend it, we are not 
able from our own studies as yet to 
state without reservation that other 
etiological factors may not also be 
important. 

Summary. 1. In the period 1914 
through May 1947, 53 patients with 
constrictive pericarditis have been seen 


* It should be mentioned tliat the differing incidence of proved tuberculous infection of the 
pericardium at the Massachusetts General Hospital and at other medical centers may be ex- 
plained in part by differences in geographical location and type of patient seen. 
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A new development of importance 
in the diagnosis and treatment of 
chronic constrictive pericarditis in this 
country took place in the operating 
room in 1928 when a young woman, 
crippled by chronic constrictive peri- 
carditis, was cured by surgery. This 
ushered in a new era which, during 
the past 20 years, has in large part 
fulfilled the hope originally raised. 
However, there have been diflBculties 
particularly in the surgical relief of 
the minority of more obstinate cases. 
Surgical approach through the anterior 
wall of the chest was successful in the 
majority of those patients operated 
upon, but here and there were failures 
despite such operations even when 
they were repeated in the same cases. 
1,4, 5, 6 During the past few years light 
has been thrown on at least one of the 
reasons for our occasional earlier fail- 
ures and it is of this that we now 
write. We shall report 3 of our 
interesting and puzzling cases to- 
gether with the methods used in de- 
ciding their future course. 

Case Reports. Case 1. J-N., male 

aged 16, was referred to us from Okla- 
(378^ 


homa on August 8, 1932, witli the diag- 
nosis of chronic constrictive pericarditis. 
In early childhood he had had chicken 
pox and measles; at 5 years of age a 
tonsillectomy was done. At 9 years he 
had “double pneumonia” and was in bed 
for 6 weeks. There was a comph’cation of 
left pleural effusion and this was tapped. 
Cardiac enlargement and a systolic mur- 
mur were discovered then. At the age 
of 13 a routine examination showed some 
cardiac enlargement ivith a systohc mur- 
mur, pulsating veins in the neck and en- 
largement of the liver the edge of which 
was felt three finger-breadths below the 
costal border. 

When 14 years old, during the winter 
of 1929-30, he noticed that his face was 
swollen and that he had some difiiculty 
in getting on his waistcoat due to en- 
largement of the abdomen. Edema of 
the thighs was developing at that time 
and the fiver was enlarged until its lower 
edge reached the umbilicus. He con- 
tinued at school part-time for a year and 
then had to give up and was living a 
semi-invalid fife when we saw him first 
at the age of 16. He had had very little 
dyspnea. Diuretics were used with 
temporary benefit. Two months before 
entrance to the Massachusetts General 
Hospital his abdomen had been tapped 
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and 8 liters of fluid removed. It should 
be stated that digitalis had been inef- 
feetive. There was nothing abnormal 
in the family history. 

Physical examination showed a well 
developed and moderately well nourished 
young man lying eomfortably in bed 
without dyspnea but with slight to mod- 
erate engorgement and pulsation in the 
jugular veins. The heart rhythm was 
absolutely irregular at a rate of 120 and 
the pulse was definitely paradoxical. The 
blood pressure was 110 mm. systolic and 
95 diastolic. The heart showed moderate 
enlargement. The sounds were of fair 
quality. There was a loud blowing sys- 
tolic murmur at the apex; tliere were no 
diastolic murmurs. A slight third sound 
was heard at the apex. The lungs were 
clear. The abdomen was uniformly 
prominent. There was slight edema over 
the anterior abdominal wall and over the 
shins. The heart shifted definitely on 
change in position of the thorax. The 
liver edge was not tender; it was easily 
felt extending across the abdomen half 
way between the umbilicus and the cos- 
tal border. There was no Broadbent’s 
sign, clubbing of the fingers, or pyrexia. 
The blood was normal. The urine showed 
the slightest possible trace of albumin 
with a rather high specific gravity due to 
restriction of fluid intake. Roentgen-ray ex- 
amination showed definite enlargement of 
the heart shadow in all diameters, par- 
ticularly in the region of the auricles. 
There was an increase in the supra- 
cardiac shadow thought to be due to ven- 
ous congestion. Barium in the esophagus 
showed de\'iation to the right in tlie re- 
gion of the left auricle. Pulsations were 
weak. The lung hilus shadows were in- 
creased and the pleurae were markedly 
thickened on both sides. The electro- 
cardiogram showed auricular fibrillation 
at a ventricular rate of 80 with slight 
right axis deviation and inverted T 
waves in leads 2 and 3. 

Pericardial resection was adrased and 
on September 27lh, 1932, this was done 
by Dr. Churchill,--' utilizing the anterior 
approach. .\ very much thickened peri- 
cardium with some calcium deposit was 
found and dissected from the right ven- 


tricle and the right auricle and in part 
from over the left border of the great 
vessels. A considerable portion of the 
diaphragmatic pericardium e.\*tending 
backward to the region of the inferior 
vena cava was removed. A considerable 
amount of calcified pericardium was left 
but the amount that was excised allowed 
the heart to herniate outward and greatly 
increased its diastolic filling. Microscopic 
examination of the pericardium which 
was removed showed hj'^aline degenera- 
tion of fibrous connective tissue with fo- 
cal deposits of lime salts. 

His postoperative condition was satis- 
factory but improvement was slow. In 
the course of the first week the anasarca 
seemed to be clearing somewhat and the 
cervical veins were less engorged. The 
venous pressure dropped from 28 cm. to 
14 cm. After disappointingly slow 
progress and the use intravenously of 
mercurial diuretics on several occasions 
and abdominal paracenteses he returned 
to his home in Oklahoma where he re- 
mained 10 months. He returned in Sep- 
tember 1933, showing considerable im- 
provement but not adequately relieved. 
He had lost about 20 pounds in weight 
but still required an occasional abdomi- 
nal paracentesis. The serum protein was 
4.3 gm.% The liver function showed 
a 10 to 15% retention of tlie dye. His 
electrocardiogram showed auricular fi- 
brillation with slightly low voltage and 
slight right axis deviation as before. 
Roentgen-ray examination showed some 
calcification which had not been definitely 
evident before. It was thought that further 
pericardial resection was indicated. 

On November 16, 1933, Dr. Church- 
ilR operated again with ease through the 
original scar which v'as e.xcised. Calci- 
fied pericardium at the base of the great 
^'essels was removed and the right ven- 
tricle was more completely freed. The 
left auricular appendage was dissected 
free. The pericardial tissue removed 
showed as before fibrosis watli calcifica- 
tion. There was an uneventful recover\' 
after this second operation but no further 
improvement, and on March 30, 1934, a 
Talma operation fomentope.xy) was done 
because of the opinion that the liver con- 
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dition was now possibly responsible for 
the persistently recurring ascites. At the 
time of his operation a small bit of liver 
was removed and was found to show 
slight cardiac fibrosis. The liver capsule 
was not tliickened (no frosting or Zucker- 
gussleber). The boy’s postoperative course 
was uneventful. It is doubtful that the 
omentopexy was followed by a real im- 
provement in the patient’s general con- 
dition. 

The succeeding 18 to 24 months were 
devoted to dietary therapy and experi- 
mentation. The amount of fluid intake 
together with the salt intake was varied 
to obsers'e if any changes in fluid reten- 
tion might occur. It may he noted that 
after the institution of dietary restrictions 
the number of necessary abdominal para- 
centeses was reduced significantly. Prior 
to the dietaiy changes tliec patient was 
tapped at least once a week with a yield 
of between 6000 and 9000 cc. at each 
occasion. After a low salt and low fluid 
intake regime was observed for a suf- 
ficient length of time it was necessary to 
tap the abdominal cavity only once every 
3 weeks with a yield well under the 
original 9000 cc. The relationship be- 
tween salt and fluid intake and fluid re- 
tention in the serous cavities and periph- 
eral tissues was apparent. 

The patient’s condition remained rela- 
tively satisfactory until December 19, 
1940, at which time he suddenly became 
aware of a numbness of both legs below 
tile hips. Both feet were very white, 
cold and dry. Femoral pulsations were 
lacking. Cardiac examination revealed 
no definite change from the previous 
record; auricular fibrillation was still pres- 
ent. A right and left common iliac em- 
bolectomy together with a right femoral 
embolectomy were performed immedi- 
ately with a return of the right femoral 
pulsations. Large emboli were removed 
from aU three arteries. Postoperatively 
the use of anticoagulants, Pavaex boots 
and a lumbar sympathetic block seemed 
of no benefit. The patient’s condition 
gradually became worse; both legs became 
more and more discolored and he com- 
plained of tinghng in tlie left leg and no 
sensation in the right. On December 22, 


1940, while attempting to turn over in 
bed he became extremely short of breath, 
gasped and expired. 

“Necropsy: The body is that of a well 
developed well nourished 25 year old 
man measuring 171 cm. in length and 
weighing 145 pounds. There is an old 
semicircular well healed precordial in- 
cision measuring 18.5 cm. in length. 
The anterior portion of the left fourth, 
fifth and sixth ribs as well as a portion of 
the sternum are absent. There is also an 
old well healed right upper quadrant 
paramedian incision measuring 4 cm. 
Pitting edema extends up both legs to 
just above the knees. The scrotum is 
enormously enlarged, measuring 20 cm. 
ill diameter, and is soft; a fluid wave is 
easily demonstrated. The muscles are red 
brown and negative. 

“Peritoneal cavity contains about 1000 
cc. of this yellowish fluid. The perito- 
neum itself is markedly thickened, tough 
and fibrous. It measures in some places 

5 mm. in thickness. Appendix, esoph- 
agus and stomach: essentially negative. 
Intestines show moderate distention. 
Retroperitoneal glands negative. Mar- 
gin of the liver: the liver edge is 2 cm. 
below the costal margin in the right mid- 
clavicular line and 4 cm. below the 
zjqjhoid. Diaphragm: right side at fifth 
interspace; left at sixtli rib. 

“Pleural cavities: the right pleural 
cavity contains about 2000 cc. of thin 
straw colored fluid. Extending between 
the right lower lobe and diaphragm in 
the medial and posterior part are numer- 
ous thick fibrous smooth adhesive bands 
resembling enlarged chordae tendineae 
and measuring up to 2 to 3 mm. in 
diameter. The left pleural cavity con- 
tains 500 cc. of similar fluid. The left 
upper and lower lobes are densely ad- 
herent to the parietal pleurae and sep- 
arate with only the greatest difficulty. 
Trachea, bronchi and bronchial glands: 
negative. Lungs: the right lower lobe 
is moderately firm throughout and on 
section numerous hemorrhagic foci 3 to 

6 mm. in diameter are found. Near the 
costophrenic angle tlie hemorrhagic areas 
are confluent and suggest bronchopneu- 
monia rather than infarction. Similar but 
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less extensive foci are seen in the left 
lower lobe. The openings of tlie pul- 
monary veins are free from tlirombi. 

“Mediastinum and pericardium: on re- 
moving the chest plate the tissue under- 
lining the previously mentioned scarred 
area is found to be tough and fibrotic. 
An area measuring approximately 6 by 5 
cm. of the lower anterior portion of tlie 
pericardium has been surgically removed. 
In its place is a moderate amount of 
fibrous scar tissue which is adherent to 
the under surface of the operative wound, 
but which separates easily with blunt 
dissection. The remaining portion of the 
anterior parietal pericardium is for the 
most part fibrous and adhei'ent to the 
visceral layer. The upper two-thirds 
of the left antero-lateral portion of the 
pericardial cavity is completely insep- 
arable and obliterated by irregular con- 
fluent masses of calcium, extending ceph- 
alad to involve the base of the aortic 
valve and fonning a large plaque measur- 
ing 9 by 6 cm. in extent. The outer sur- 
face of this plaque is covered by fibrous 
tissue which in turn is adherent to tire 
mediastinal parietal pleura of the left 
lung. This plaque extends somewhat pos- 
teriorly to impinge by external pressure 
upon the lumen of the mitral valve. 
There is no calcification of the pericardium 
in the region of the apex of the left ven- 
tricle. There is a similar but somewhat 
smaller zone of pericardial calcification 
involving tire antero-lateral aspect of the 
right ventricle over an area measuring 9 
by 4 cm. On this side however, the 
c.alcification extends almost to the apex 
of the right ventricle but not as high up 
as the ler^el of the pulmonarj' arter}^ 
Posteriorly the pericardium is free of 
calcificahbn. 

“Heart: The heart is not dissected 
free fronr the pericardium and lungs but 
opened in situ. The myocardium is red 
browtr. The right ventricular wall thick- 
ness measures 3 to 4 mm.: the left, 13 to 
15. The left auricle is enlarged; its 
cavity measures S b\- 6 by 4 cm. 
Ihe remaining cavities and columnae 
carneae arc essentially negative. The 
lateral aspect of the mitral valve is 
pressed on externally by the calcified 


pericardium resulting in definite mitral 
stenosis. The aortic valve is moderately 
thickened and shows slight but definite 
interadherence of tire cusps at their com- 
missures. The other valves are essenti^ 
ally negative. The coronary arteries are 
negative. 

“Aorta: The thoracic and abdominal 
aorta is normal. The right common 
iliac artery and its branches show no e\u'- 
dence of obstruction due to secondary 
thrombosis or emboli. The arteriotomy 
wound is plainly visible and well healed. 
Dissection of the common femoral on the 
right shows an embolus at its bifurcation 
which obstmets both the superficial and 
the profunda femoral \’’essels. There is 
a secondary clot extending into tlie super- 
ficial femoral for an indeterminate dis- 
tance. The profunda femoral on the 
other hand is plugged \vith a secondary 
thrombus for only a short distance. On 
the left there is an extensive thrombosis 
in the external iliac arteiy with throm- 
bosis at the site of the arteriotomy wound 
of the common iliac artery. Thrombosis 
also extends into the left liypogastric 
artery. This thrombosis extends down to 
the origin of the deep epigastric artery 
where it stops. There seem to be areas 
of old thrombus formation in this area 
of blood clot suggesting that all the em- 
boli had not been removed at the time 
of operation. This also would be borne 
out by the fact tliat follow'ing tlie re- 
moval of the embolus of the left common 
iliac artery there was no back bleeding 
from the external iliac artery. Dissection of 
the left common femoral artery shows an- 
other embolus at the bifurcation with a 
secondary thrombus formation extending 
into both the deep and superficial fe- 
moral arteries. 

“Pubnonanj artery: normal. 

“Vena cava: The inferior vena cava 
is greatly dilated, measures 2.6 cm. in 
diameter, and at its diaphragmatic open- 
ing easily admits two fingers throughout 
the entire extent. 

“Diapliragni: Is markedly thickened 
and measures up to O.S cm. in thickmess. 
The inferior surface is coated with icing 
and also .shows a Irabeculated aspect near 
tlie cru.x. This is most marked on both 
sides of the round ligament. 
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Liver: Weighs 1400 gm. Most of 
the anterior and diaphragmic surfaces 
of the liver are covered with icing. Its 
^entire surface is irregular and nodular, the 
nodules measuring up to 1.3 cm. in diam- 
eter. On section it is extremely tough 
and fibrous, being light red brown in color. 
Bile ducts: Normal. Pancreas: Is en- 
cased in tough fibrous peritoneum. 
Spleen: Is moderately fibrous and is 

covered in spots by grayish white tough 
icing. It is estimated to weigh 350 gm. 

“Adrenals: Normal. Kidneys: Weight 
275 gm. In the lower pole of the 
right Iddney is a mottled red and white 
area measuring about 9 cm. in diameter. 
On section this area is soft and extends 
well down through the cortex. The cortex 
measures 7 mm. The pelves are normal. 
Ureters, bladder, and prostrate: Normal. 
Scrotum: There are large bilateral in- 
direct inguinal hernias extending far dowm 
into the scrotum and containing thin 
straw colored fluid. Bone inarrow: red. 
Brain: essentially normal. 

Microscopic Examination: Heart: A 
section taken through the heart and peri- 
cardium shows the very markedly thick- 
ened pericardium adherent to the myocar- 
dium, there being only a thin line of areolar 
tissue separating them. This plane of 
cleavage is penetrated at frequent intervals 
by fibrous strands which extend down 
into the myocardium. The myocardium 
itself shows a slight increase in fibrous 
tissue which separates the muscle bundles. 

“Lungs: Lung tissue through the right 
lower lobe shows extensive pleural fibrosis 
beneath which are focal areas of atelec- 
tasis. The hemorrhagic foci noted grossly 
vary in structure. Some show merely 
alveoli filled with fluid, others with red 
blood cells and a few with occasional 
polymorphonuclear leukocytes. Although 
those containing the red blood cells are 
slightly suggestive of infarction the pres- 
ence of intact alveolar walls and their 
irregular shape are more in keeping with 
focal hemorrhage. 

“Liver: The capsule is tremendously 
tlrickened and fibrotic and in one area 
a liver lobe has been entirely surrounded. 
The remainder of the liver shows an 
increase in the interlobar fibrous tissue. 


“Pancreas: Dense fibrous tissue sur- 
n)und the pancreas which it itself normal. 

“Spleen: Splenic capsule is markedly 
tliickened and fibrotic. 

“Kidneys: A section through the area 
of the lower pole of the right kidney 
noted in the gross shows early necrosis of 
the tissue. There is infiltration of the 
tissue by polymorphonuclear leukocytes 
and considerable cellular debris. In a 
few places the normal architecture is 
partially destroyed, leaving mere shadows 
of tubules and glomeruli. Other sections 
of the kidney show slight congestion. 

“Necropsy Diagnosis: Adhesive con- 
strictive pericardits with calcification; em- 
bolism, left common iliacs; anasarca; peri- 
tonitis, chronic fibrous, generalized; pul- 
monary edema; renal infarct, right; opera- 
tive wounds; left lower paramedian; right 
inguinal recent; right upper quadrant 
paramedian left; pericardiolysis; peripheral 
edema; ascites; perihepatitis and perispleni- 
ris, chronic; endocarditis, chronic rheumatic 
with stenosis, aortic and ? mitral; dilata- 
tion of the venae cavae; hydrothorax bilat- 
eral; pleuritis, clmonic fibrous, bilateral; 
pleuropericarditis, chronic left; cirrhosis of 
the liver, cardiac.” 

Comment: This was one of our 
earlier experiences witli tlie vicis- 
situdes of the treatment of chronic 
constrictive pericarditis. Although the 
patient was somewhat helped by sur- 
gery the result was still quite un- 
satisfactory. As seen in the report- of 
the necropsy examination the amount 
of constricting calcified pericardium 
still present could readily account for 
the presenting symptoms and signs by 
virtue of the compression of the left 
heart chambers. The existence of the 
prominent pulmonary second sound 
was evidence against the presence of 
an atonic right ventricle. Even at that 
early date the importance of the salt 
intake in relation to the degree of fluid 
accumulation was shown by the results 
obtained with variations in the diet. A 
few of the presenting problems might 
have been answered if at that time 
cardiac catheterization had been avail- 
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able as a diagnostic procedure, as will 
be demonstrated in the following two 
cases. 

Case 2. R.P., male, aged 21 years, was 
referred to us from western Pennsylvania 
on September 15, 1944, with the diagnosis 
of clironic adhesive pericarditis. His early 
childhood was uneventful except for scar- 
let fever at the age of 7 years. We could 
obtain no familial history of tuberculosis. 
In March 1943, he was rejected for duty 
in the armed services because of the 
findings by routine Roentgen-ray examina- 
tion of the chest consistent witli the diag- 
nosis of chronic calcific pericarditis. Al- 
though asymptomatic he consulted his local 
family physician who found his electro- 
cardiogram compatible with the diagnosis 
of constrictive pericarditis and referred 
him to the Massachusetts General Hospi- 
tal for treatment. 

Physical examination revealed a well 
developed and well nourished young man 
in no distress. His blood pressure was 
102 mm. mercury systolic and 80 dias- 
tolic. His pulse was regular at a rate 
of 80 and was paradoxical. The neck 
veins were not pulsating. Both lung 
fields were clear. The heart was not 
enlarged to percussion. The sounds were 
of good quality. The pulmonary second 
sound was greater in intensity than the 
aortic second sound. There were no 
murmurs and no third heart sound could 
be heard. The abdomen was not dis- 
tended nor was liver or spleen enlarged. 
There was no evidence of peripheral 
edema. 

Venous pressure on admission measured 
117 mm. water (BurNvell end point; normal 
upper limit). The total serum protein 
was 7.4 gm. per 100 gm. Both blood and 
urine were normal. The electrocardiogram 
by ^'irlne of the in^'erted T waves in all 
leads was consistent with the diagnosis of 
constrictive pericarditis. Roentgen-ray ex- 
amination of the chest revealed a calcified 
pericardium and evidences of old pleurisy 
at the left base witli a very small amount 
of fluid in the right pleural cavih’. 

On October 6, 1944, Dr. Richard Sweet 
performed a pericardiectomy using tlie 
anterior approach. The entire anterior 
portion of the pericardium including a 


calcified band 1% inches in vidtli opposite 
the auriculoventricular groove was re- 
moved. This band also extended around 
and behind the apex. The patient’s post- 
operative course was uneventful. On tlie 
day of his discharge (October 28, 1944) 
his venous pressure was, however, slightly 
elevated as shown by the venous pulsa- 
tions in the neck extending 2 to 3 centi- 
meters above tlie right clavicle. Fluoro- 
scopy revealed relatively little change in 
the heart size. The cardiac pulsations 
remained poor. Botli lung fields were 
hazy. In spite of these findings it was 
felt tliat the progress of the development 
of congestion might have been halted 
and that witli further convalescence a 
more complete recovery might ensue. 

During 1945 tlie patient’s condition was 
fairly satisfactory. His venous pressure, 
however, remained elevated. Small ra- 
tions of digitalis were prescribed to in- 
crease the tone of tlie right ventricle. 
Physical examination remained essentially 
unchanged. The electrocardiogram show- 
ed some improvement in the height of 
the T waves which were, however, still 
abnormal. The patient did light secre- 
tarial work throughout tlie year with no 
difficulty. We believed that there was 
still some pericardial constriction and cal- 
cification togetlier %vitli right ventricular 
atony. 

On June 5, 1946, tlie young man again 
was admitted to tlie Massachusetts General 
Hospital. His was a historj' of progressive 
increase over a 2 to 3 month period of 
the size of his abdomen, shortness of 
breath, and increase in weight. He had 
been admitted to his local hospital for 
the treatment of an episode of acute 
congestion apparently secondary to tachy- 
cardia due to a change of rhytlim from 
normal to that of auricular fibrillation. 
The physical findings of note included an 
increase in the venous pulsations in the 
neck (venous pressure of 265 mm. of 
water), rales at both lung bases \Wtli 
a question of an increase in the amount 
of fluid at the right base, cardiac enlarge- 
ment Mith sounds of fair qualiti' but witli 
the pulmonar>' second sound of greater 
intensity' than the aortic second sound, 
and a slightly enlarged tender liver. 
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Peripheral edema was also noted at times. 
His blood pressure was 108 mm. mercury 
systolic and 84 mm. diastolic and the 
heart rate was grossly irregular at 82. 
The Roentgen-ray film of the chest showed 
an increase in the heart size together with 
extensive calcification of the pericardium. 
The electrocardiogram confirmed the pres- 
ence of auricular fibrillation and showed 
no improvement in the T waves; there was 
a change in axis deviation toward the right. 
Blood and urine examinations were within 
normal limits. The total serum protein 
measured 7 gm. per 100 gm. 

On June 20, 1946, Dr. Richard Sweet 
performed the second pericardiectomy, the 
site of the original incision being used 
again. On this occasion a constricting 
band of calcified pericardium was re- 
moved from the area of the right 
auriculoventricular groove. The right 
ventricle was seen to fill more rapidly 
thereafter and the blood pressure rose. 
Once again the patient’s postoperative 
course was uneventful. Although a little 
short of breath on discharge on July 13, 
1946, he seemed much improved clini- 
cally. The venous pressure then measured 
200 mm. water. 

While at home he adhered strictly to 
a medical regime consisting of a low salt 
diet, digitahs, ammonium chloride and 
intravenous mercupurin as needed. With- 
in a month of his return home, however, 
his original symptoms recurred. 

On December 10, 1946, he returned 
to the Massachusetts General Hospital. 
He was obviously much worse. Short- 
ness of breath was noted even while he 
was lying in a semi-erect position in bed. 
His cough was persistent. The neck veins 
were very prominent and pulsating, wth 
venous pressure of 300 mm. water. There 
was evidence of fluid at both lung bases. 
Cardiac enlargement was apparent and 
the heart sounds were mediocre in quality. 
A paradoxical pulse was present with 
rhythm irregular at 82. The blood pres- 
sure was 108 systolic and 76 diastolic. 
There was a third sound at the apex 
without murmurs. The pulmonary second 
sound was of greater intensity than the 
aortic second sound. The liver edge was 


felt 7.5 cm. below the costal margin and 
was slightly painful to palpation. There 
was shght to moderate edema of the 
ankles bilaterally. 

Future management of this case de- 
manded that we determine whieh of tlie 
following factors was most important in 
causing the persistence of the congestion 
and that we govern any further surgerj' 
with this in mind: 

1. Obstruction to the entrance of blood 
into the heart through mediastinal con- 
striction of inferior and superior venae 
cavae and of the right auricle. 

2. Failure of an atonie right ventricle 
which had been very probably involved 
in a subepicardial myocarditis in the de- 
velopment of the clironic constrictive peri- 
carditis. 

3. Constriction of the left heart cham- 
bers or of the left auriculoventricular 
groove acting like mitral stenosis to cause 
chronic right heart failure. 

We decided to use cardiac catheteriza- 
tion as a diagnostic aid in determining 
the pulmonary arterial pressure. Dr. 
Lewis Dexter^ kindly made this test for 
us and in demonstrating a three-fold in- 
crease above the normal of the blood 
pressure in the pulmonary circulation con- 
firmed our clinical impression of con- 
striction of the left heart chambers as 
indicated by accentuation of the pulmo- 
nary second sound and by the shift in the 
electrocardiographic axis towards the right. 
The pulmonary arterial pressure was found 
to be 72 mm. mercury; the normal aver- 
ages 25 mm. 

With this fact as a guide the surgeon 
could thus focus his attempts at decortica- 
tion of the left auricle and left ventricle 
primarily, creating an adequate e.xposure 
by using the transthoracie or thoracotomy 
approach. On January 17, 1947, after 
the optimum preoperative condition was 
reached by medical measures a third peri- 
cardiectomy was performed by Dr. Richard 
Sweet. The left transthoracic approach was 
utifized. The pericardium was released 
from the apex, and the area behind the 
left auricle and left ventricle was released 
from the diaphragm and as far around in 
back as the iiiferior pulmonary vein. 
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Superiorly it was freed over the auriculo- 
ventricular groove and the auricular ap- 
pendix of the auricle. A very wide libera- 
tion of the left ventricle and the left 
auriculoventricular septal groove was ac- 
complished. Dr. R. H, Sweet’s operative 
note was as follows: 

“A long oblique incision was made 
starting in front close to the previous 
pericardiolysis incision, extending laterally 
under the breast and up beneath the 
pectoral fold as far as the midaxillary line. 
This incision was enlarged through the 
6th interspace and on inserting a rib- 
spreader, after freeing the adhesions of the 
lung, an excellent e-xposure was obtained. 
The lung was densely adherent to the 
parietal pleura both beneath the ribs and 
along the mediastinal surface. The 
mediastinal adhesions were separated and 
the lung was retracted posteriorly and 
laterally. This gave an excellent exposure 
to the left posterior aspect of the peri- 
cardium. The phrenic nerve was identified 
and held aside with a retractor. The 
previously denuded section of heart ap- 
peared to be functioning well. This in- 
cluded the right ventricle and a very 
small portion of the left. The apex had 
been freed previously, but there had been 
considerable re-formation of constricting 
fibrous tissue in this region. This was 
freed and tlie remainder of the peri- 
cardium, which enveloped and held in a 
constricting \ose the left ventricle, was 
released with moderate difilculty. It was 
adherent almost e\'er)’AA'here, however, by 
very dense adhesions, in some of which 
were actually plaques of very thick cal- 
cium requiring cutting with heavj' scissors, 
but it was possible by freeing them to 
release the left ventricle completely all the 
way around 'behind. The pericardium in 
this region was removed from the dia- 
phragm and as far around in back as the 
inferior pulmonarj' vein. Superiorly it 
was freed o\’er the auriculo\'entricular 
groove, and the auricular appendix of the 
auricle which was held down in a \-ise of 
calcium was finally freed and was seen 
to retract upwards. A rather large seg- 
ment of pericardium was removed from 
the aw-icular portion as well as the ventri- 


cular portion. It was felt at the comple- 
tion of the operation tliat a ver>’^ wide 
liberation of the left ventricle and left 
auriculoventricular septal groove had been 
accomph’shed. The patient stood the 
operation well and tire color of his blood 
was normal at its completion although 
in the beginning he was very cj^anotic 
until the heart had been freed. The 
lung expanded well. A catlieter was 
left in the space between the heart 
and the lung in order to provide for 
evacuation of senim and possibly any 
air which might result from an undis- 
covered leak from the lung itself. This 
was brought out through the center of the 
incision and is to be removed in 24 hours. 
The wound was closed in layers by means 
of interrupted silk sutures with several 
pericostal sutures of catgut in the inter- 
costal portion of tlie incision.” 

The patient’s postoperative course was 
a stormy one through which he u^as helped 
by die use of digitalis, quinidine, am- 
monium chloride, and mercurial diuretics. 
Throughout his hospital stay 'the pre- 
dominant cardiac rhythm was one of 
auricular flutter. Over a period of 4 to 
6 weeks he began to improve as noted by 
a decrease in respiratory difficulty, a de- 
crease in the size of tlie liver, and in the 
amount of peripheral edema, and a de- 
crease in the venous pressure which by 
tlie end of February, 1947, had receded 
from 265 to 190 mm. of water. 

Following his discharge from the hos- 
pital on March 4, 1947, he remained at 
home and gradually increased his activities 
in direct proportion to his general clinical 
improvement. By the fall of 1947, he 
was able to walk a long distance witliout 
any respiratory embarrassment, to dance, 
and to increase his minor activities to tlie 
ma.ximum. He was easily maintained on 
digitalis alone and the proof of tin's re- 
ported improvement is mirrored in the 
fact that his venous pressure in December, 
1947, had decreased to 167 mm. of water. 
Hope for the future seemed liright. 

On August 27, 1948, in's physician. Dr. 
M. H. McCaffrey of Pittsburgli, wrote of 
bis e.xcellent healtlr until no evidence 
whatsoe\-er of congestion of Ii\-er, extremi- 
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ties, neck veins, or lungs. There was still 
present auricular fibrillation at a well 
controlled heart rate of 72. He was fully 
active and able to swim and dance with- 
out symptoms. 

Comment; Cardiac catheterization 
has to the present time found much of 
its clinical usefulness in the diagnosis 
of congenital malformations, but the 
adaptabihty of this procedure as an aid 
in the locahzation of the site of con- 
striction has been illustrated in this 
case and can best be presented graphi- 
cally: See Fig. 1.) If at Site No. 1 
(superior vena cava) the pressure is 
found to be increased above normal one 


may suspect constriction around the 
point of entrance of the great vessels 
or of the right auricle or right ventricle. 
This condition would of course prevail 
in those cases in which there is no 
important increase in the size of the 
heart. A pressure increase or even a 
normal value with a normal pulse pres- 
sure at Site No. 2 (right ventricle) 
would tend to rule out both right 
ventricular atonia and constriction of 
the right ventricle, which gives a low 
pulse pressure in the right ventricle. 
This would be substantiated by the 
presence of an increased pulmonary 
second sound. An increase in the 



Fig. 1. Diagram of heart to illustrate the positions from which blood was taken by catheter 
for determination of oxygen content in Case 2. 
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pressure at Site No. 3 (pulmonary 
artery) means that the constriction is 
beyond the right ventricle, presumably 
in the left heart chambers. Cardiac 
catheterization is not a formidable pro- 
cedure and may be of immeasurable aid 
as a preoperative diagnostic procedure 
in cases of chronic consb'ictive peri- 
carditis. 

Case 8. R.J., male, aged 20 years, was 
admitted to the Massachusetts General 
Hospital on November 17, 1947, because 
of the onset of dyspnea, syncopal attacks 
and swelling of the abdomen over a 10 
to 12 months period. The patient was 
rejected for duty in the armed services 
because of the finding of an enlarged 
heart by routine Roentgen-ray examination. 
Because of the continuation of his sympto- 
matology in spite of medical therapy he 
was referred to this hospital. His family 
and past history were noncontributory. 
There was no history of tuberculosis or of 
any acute infection. 

On admission tliis well developed and 
well nourished young man was in no 
acute distress. His neck veins were full. 
The lung fields were clear. The heart 
was enlarged to percussion and totally 
irregular in rhythm at a rate of 72. 
The heart sounds were of good quality. 
The blood pressure was 110 systolic, 70 
diastolic. There was a double second 
sound at the base and a third heart 
sound at the apex, without murmurs. 
There was no gallop. Of note were the 
paradoxical pulse, the accentuated pul- 
monary second sound, and the retraction 
of the second and third interspaces on 
the left during systole (Broadbent’s sign). 
The abdomen was prominent and revealed 
a fluid wave. The liver was enlarged, wntli 
edge 3 cm. below the costal margin. The 
spleen could not be felt nor was there any 
peripheral edema. The Roentgen-ray film 
of the heart showed it to be enlarged with 
considerable prominence of the left auricle 
and of both ventricles. There were pla- 
ques of calcium surrounding the heart 
incompletely in a circular manner. The 
electrocardiogram showed auricular flutter- 
fibrillation with ventricular rate of 90, 
normal .a.xis, flat T waves in Lead 1. 


diphasic T waves in Lead CF5, Avitli 
inversion of all tlie remaining T waves. 
This was in keeping with the diagnosis 
of chronic constrictive pericarditis. The 
urine and blood were within normal limits. 
The total protein was 7.35 gm. per 100 gm. 
witli albumin globulin ratio of 1.6. The 
venous pressure was 270 mm. water. Be- 
cause of our previous experience of tire 
diagnostic value of cardiac catlierization 
our associate Dr. Gordon Myers carried out 
the procedure and determined tlie pulmo- 
nary arterial pressure. This proved to be 
twice its normal value and thus, as in 
Case 2, indicated the need of decorticating 
the left ventricle first. In withdrawing 
the cardiac catheter and taking continuous 
readings there was no evidence of atonia 
of the right ventricle or constriction around 
the great veins. 

On December 5, 1947, after the pa- 
tient had been prepared preoperatively 
witli digitalis and quinidine Dr. Edward 
Churchhill performed a pericardiectomy 
by the left transtlioracic approach. The 
incision extended from the midline anteri- 
orly to the midaxillary line over the fifth 
rib on tlie left. On exposure the anterior 
portion of tlie pericardium seemed rela- 
tively free of calcium. A large pericardial 
calcareous plaque, measuring 3 by 2 cm., 
over the left auricular appendage and 
upper portion of the left ventricle was re- 
moved. Then the pericardium was re- 
moved almost entirely from the left side 
of tlie heart posteriorly to the midline 
Finally the auriculoventricular groove on 
the left was exposed and the pericardium 
was almost entirely remov'ed tlierefrom. 
Several centimeters of the left side of the 
diaphragmatic portion of the pericardium 
were next removed together with a 2 cm. 
Sirin of pericardium anteriorly. 

The postoperative course was eventful, 
in that spontaneous diuresis occurred, the 
patient’s weight falling 12 to 14 pounds 
during tlie first 11 days after operation. 
\’’enous pressure at tlie end of this time 
was 185 mm. water. Tlie ventricular 
rate in the auricular flutter-fibrillation 
seemed well under digitalis control. Of 
note was a loud tliird heart sound at 
the apex. On December 13, 1947, the 
patient’s satisfactory' condih'on permitted 
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discharge to his home. There was no 
remarkable change postoperatively in 
either tlie Roentgen-ray shadow of his 
chest or in the electrocardiogram. The 
patient was seen 13 days after his discharge 
and was in the best of spirits and health. 
He drove his car more than 100 miles 
just to keep this appointment 3 weeks 
after his operation and was none the 
worse for it. 

When last examined in the Outpatient 
Department on July 21, 1948, he was in 
excellent health, working during the sum- 
mer and planning to resume school in the 
autumn. There was no evidence of con- 
gestion of neck veins, liver, or lungs. The 
heart rhythm was irregular at a rate of 
80 on daily digitahs therapy. 

Comment: This is another case in 
which the success of our present-day 
surgery was directly dependent upon 
the careful preoperative studies, in- 
cluding cardiac catheterization. 

Summary. We have herewith re- 
ported 3 cases, all male, aged 16, 21, 
and 20 years respectively, who suffered 
from chronic constrictive pericarditis 
iiivohdng preponderantly the left heart 
chambers and who required decortica- 
tion thereof for rehef. The first pa- 
tient died from the compHcation of 


peripheral arterial embofism after two 
unsuccessful pericardial resections car- 
ried out by anterior approach and an 
omentopexy. The other 2 patients have 
been greatly benefited, in fact prob- 
ably cured, as a result of a trans- 
thoracic approach allowing free ex- 
posure of the side and the back of the 
heart. The pericardium was removed 
from the left auricle and left ventricle 
in these cases. In the first patient, 
two unsuccessful operations had prew- 
ously been carried out through the 
usual anterior approach. 

In these 3 patients c lini cal evidence 
suggested the correct diagnosis and 
consisted of accentuation of the pul- 
monary second sound, cardiac enlai’ge- 
ment involving the right ventricle, and 
a shift of the electrocardiographic axis 
deviation to the right, with a persist- 
ence of chronic congestion. A meas- 
urement of tlie pulmonary blood pres- 
sui’e by cardiac catheterization has been 
an important test of the left heart 
chambers in the last 2 cases, con- 
fii-ming by its marked elevation the con- 
striction of the left heart chambers 
which has acted hke mitral stenosis on 
the pulmonary circulation and right 
heart. 
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CmxuRiA is a rare but definite clin- 
entity which has been recognized 
since Moellenbroccius,“ in 1670, first 
designated the condition as chyle in 
the urine. The writings of Hippoc- 
rates, Galen and Theophilus mention 
fatty and oily urine,’'* and various 
writers of tlie Middle Ages described 
an “excretion of milk,” the significance 
of which was not understood. Wuch- 
erer, in 1866, was the first to recognize 
tlie relationship between filariasis and 
chyluria when he demonstrated the 
presence of microfilaria in die blood 
and urine of a patient who had chy- 
luria®. The physiologic and pathologic 
studies of Manson, Mackenzie and 
Block’® further proved this relation- 
ship, and today, chyluria is a well- 
recognized and fairly common com- 
plication of filariasis. Most audiors 
make a sharp distinction between par- 
asitic chyluria, secondar}' to filariasis 
or rarely to odier parasitic diseases, 
and nonparasitic chyluria, for the most 
part of unknown origin. 

Carter, in 1862, first suggested die 
hypothesis of l3'mphatic obstruction 
with subsequent abnormal communica- 
tion between die lymphatic system 
and the urinary tract (Kutzmann*’). This 
undoubtedly occurs in filariasis, in 
which diere is obstruction by a filarial 
granuloma somewhere behveen the 
draining lyniphadc ducts of the small 
intestine and the cephalic end of the 
thoracic duct. As a result, there is a 


backflow of chyle into the pelvic lym- 
phatics, from diere into a collateral 
lymphatic system of the abdominal 
wall, dience into the dioracic duct 
somewhere above the level of die dia- 
phragm. It is postulated diat an in- 
competency of diis collateral system is 
necessary in order for chjduria to occur. 
If such an inadequacy exists, back 
pressure develops in die lymph vessels 
of die lumbar channels to the kidney, 
causing rupture of die vessels and 
subsequent spilling of chyle into die 
urinary tract. Pathologic studies by 
Mackenzie and Manson substantiated 
this hypothesis for die most part (see 
R. P. Strong)’®. However, patologic 
support for diis hypodiesis when it is 
applied to nonparasitic chyluria is 
questionable or lacking. This is in part 
due to technical difficulty in demon- 
strating lymph channels in portmortem 
studies. A secretory hypodiesis pro- 
poses that die chyle passes directly 
through die renal epidielium into the 
urine. This hjqiodiesis is entirel)' 
unsupported by objective data. The 
mechanical hjqiothesis, tiien, remains 
the best e.xplanation to date. Ob- 
struction of the thoracic duct by other 
lesions, ivith secondarj' chyluria, un- 
doubtedly can occur. Posterior thor- 
acic lesions, perirenal abscess, preg- 
nancy, siqihilis, tuberculosis and other 
conditions have all been blamed for 
die presence of cln'luria’®. However, 
in few of the cases reported has diere 

(3S9) 
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been pathologic proof for the etiologic 
role of the suspected lesion. 

In considering tlie etiology of chy- 
luria, filariasis should always be kept 
in mind, even when one is dealing with 
patients in a temperate chmate. A 
knowledge of the patient’s travels is 
important. The southeastern part of 
the United States is a filarial endemic 
region. We suggest also tliat sporadic 
filariasis may occur, just as sporadic 
malaria may occm", in any region where 
mosquitoes are found. The absence of 
microfilariae in the blood and m'ine 
does not exelude a diagnosis of a 
previous filarial infection nor of path- 
ologic conditions of filarial origin. A 
high percentage of persons who have 
a history of previous filarial infection 
do not show microfilariae in the hlood 
or urine. 

The location of the fistulous opening 
between the lympathics and the urin- 
ary tract may be found anywhere from 
the kidney to the urethra. In the 
large majority of instances it is in the 
pelvis of die kidney. 

The incidence of chyluria is, as ex- 
pected, high in endemic filarial regions. 
Ray and Rao'^ have reported 254 cases 
from India. It is of interest to note, 
however, that whereas filariasis flour- 
ishes in some parts of the South Pac- 
ific, chyluria in those regions is negli- 
gible. More than 100 cases of so- 
called nonparasitic chyluria in Europe 
were reported in the fiteratrue prior 
to 1925, according to Kutzmann®. 
Yamauchi®^, in 1945, reviewed data on 
45 patients seen by him in Hawaii. In 
direct contrast, a careful search of the 
literature from the United States re- 
veals that only 26 cases (including 5 of 
die 10 reported in this paper) have 
been recorded since 
Twenty of these were designated as 
being cases of so-called nonparasitic 
chyluria. 

Clinically, the symptoms of chyluria 


are few. The patient usually complains 
of passing milky, cloudy or white urine, 
occasionally containing clots. These 
clots are coagulated chyle and, if 
formed in the pelvis of the kidney, 
the ureter or the bladder, they may 
cause dysuria. Hematuria is compara- 
tively rare. The milky appearance of 
the mine is due to a colloidal suspen- 
sion of fat particles, in distinction to 
lipmia, in which the fat is in the form 
of globules visible to the naked eye 
and stainable with Sudan III. Charac- 
teristically, the urine does not clear 
on centrifugation. Pyelographic studies 
occasionally show the presence of a 
pyelolympathic type of backflow^. 
This is not a constant finding of chy- 
Imia, and backflow has been reported 
to be present in the absence of chy- 
Imia. 

The ages of our patients when they 
were examined varied from 30 to 64 
years. The average age was 47.4 
years. Tlie age at the onset of symp- 
toms varied from 19 to 58 years. The 
average age at onset was 38.3 years. 
There were four men and six women. 
Two of om patients lived in Puerto 
Rico, 1 in British Guiana, 2 in Illinois, 

1 in New York, 1 in Arkansas, 2 in 
Minnesota and 1 in Canada. At least 
7 of these 10 either lived in a place 
where they may have contracted filar- 
iasis or had visited places where they 
could have contracted this infection. 
Om patients’ weights were all normal 
or greater than normal with the excep- 
tion of one patient who was slightly 
underweight. None of om patients 
had serious symptoms due to chylu- 
ria nor was their general health im- 
paired by the chyluria. All passed 
milky mine; 2 passed chylous clots. 
The blood of 7 patients and the urine 
of 5 patients were examined for the 
presence of microfilariae and in each 
instance none was found. 

Numerous types of therapy have 
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been employed in the treatment of 
chyluria, one of tlie commonest being 
the instillation of sclerosing solutions 
into the renal pelvis in an attempt to 
close die lymphatic fistula. Evaluation 
of such treatment is difiBcult, inasmuch 
as chyluria is characteristically inter- 
mittent and recurrent over many years. 
The use of sclerosing solutions is rarely, 
if ever, indicated, because the affliction 
seldom causes the patient any signifi- 
cant distress, and it has been repeatedly 
proved that tlie loss of fat and protein 
in the urine is negligible so far as die 
nutritional status of the patient is con- 
cerned. Ai'senical preparations have 
been employed rather frequently in the 
h'opical counb'ies; but again, as with 
any type of treatment of chyluria, the 
results are difficult to evaluate, and in 
this case, the rationale for such therapy 
is not understood. Rarely do these 
patients require any form of specific 


therapy. It seems to us that diere are 
two conditions which, if present, may 
need treatment: (1) undernourishment, 
due to loss of fat through the urinary 
tract; (2) die presence of fat in the 
urine in such large quantities that it 
will precipitate or solidify and form 
clots prior to excretion. These clots 
may cause considerable pain and 
dysuria. 

Tlie malnutrition can be controlled by 
increasing die patient’s caloric intake. 
We believe diat one could maintain 
normal weight and health even though 
he lost almost all of his fat intake 
through die urinary ti’act. This loss 
could be made up by increasing his 
carbohydrate and protein intake. The 
excessive amount of fat in the urine 
that produces clots can, we beheve, 
be controlled in most instances by 
reduction of the fat intake, as was 
shoivn in case 10, in which, on his 



Fig. In.-A .'tpccimcn of urine from Case 10. 
100 tx'. of urine, b. A specimen of normal urine. 


The specimen cont.iined 9SS mg. of fat per 
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usual diet, the patient had 402 mg. 
of fat per 100 c.c. of mine. On a 
Iiigh fat diet tlie urine contained 988 
mg. per 100 c.c. (Fig. 1) and on a low 
fat diet it contained only 100 mg. of 
fat per 100 c.c. 

Report of Cases. Case 1, A 47 year 
old white man was seen at the Mayo 
Clinic in July, 1932. He complained 
chiefly of postprandial bloating and belch- 
ing. Other symptoms of which he com- 
plained included insomnia, nervousness 
and milky urine, the last of which had 
been present since the age of 21 years. 
His residence was Arkansas and there 
was no mention of areas visited by travel 
except that he had never been outside of 
the United States. At onset, the milky 
urine was present daily, particularly in 
the morning, 2 or 3 hours after breakfast. 
In more recent years, milky urine had been 
noted to be present only about once 
yearly. Physical examination revealed no 
significant abnormalities except that the 
patient was underweight. Complete blood 
count and flocculation reaction for syphilis 
were normal. The urine was milky in 
appearance and contained 127.3 mg. of 
fat and 500 mg. of sugar per 100 cc. 
Fasting blood sugar and glucose tolerance 
reactions were normal; however, the urine 
collected at 30 minute intervals contained 
sugar and this was regarded indicative of 
renal glycosuria. Cystoscopic examina- 
tion and retrograde pyelography were not 
done. Microfilariae were not found in 
the blood. 

Case 2. A 30 year old white woman, 
of German-Jewish extraction, was seen at 
the clinic in August, 1927. Her residence 
was Illinois and she had traveled in 
Missouri and Kentucky. Six months prior 
to her coming to the clinic, sudden 
severe pain bad developed in the right 
renal region. Tliis pain persisted for 2 
hours and spontaneously disappeared with 
no recurrence. No other symptoms were 
present but within 1 week she first noted 
the presence of milky urine. Since onset, 
the milkj' urine had been present only in 
the morning. Physical examination did 
not reveal any sigm'ficant abnormah'ties. 
Complete blood count was normal. The 
urine was milky and contained 100 mg. of 


fat per 100 cc. Erythruria and pyuria 
were graded 1-f- (on the basis of 1 to 4, 
in which 1 designates the mildest and 4 
the most severe condition). The value 
for the total lipoids was 421 mg. per 100 
cc. of plasma. The values for blood 
urea, uric acid, creatinine and serum 
protein were normal. Microfilariae could 
not be demonstrated in the blood. Cysto- 
scopic examination did not reveal any 
point of entrance of chyle into the blad- 
der, and the urine from both ureters was 
clear. 

Case 3. A 58 year old white woman 
was seen at the clinic on several occasions 
between 1930 and 1934, at which time 
the results of general examinations were 
essentially negative except that they re- 
vealed a static type of artlnitis. Her 
residence was Minnesota but she had 
traveled extensively throughout the south- 
ern part of the United States and in Egj'pt 
Eight months prior to her last visit to the 
clinic, tire patient had first noted the ap- 
pearance of milky urine. There were no 
symptoms referable to the urinary tract. 
Physical examination did not reveal any 
significant abnormalities. Complete blood 
count was normal. The urine contained 
25 pus cells per high power field. The 
values for blood urea and uric acid were 
normal. On cystoscopic e-xamination, 
milky urine was seen to spurt from the 
left ureter and urine collected from, the 
pelvis of the left kidney was milk)' in 
appearance and clotted soon after collec- 
tion. A pyelogram of the left kidney 
questionably showed backflow. Micro- 
filariae were not present in the urine or 
blood. 

Case 4. A 41 year old woman, a 
resident of Canada, was seen at the 
clinic in March, 1935. She complained 
chiefly of upper lumbar back pain of 4 
months’ duration. Her past history' was 
not significant and the extent of her 
travels was not recorded. Milky urine 
had been present for 1 month. An addi- 
tional symptom of which she complained 
was recurrent swelling of the right leg 
for 4 months. Physical examination did 
not reveal any significant abnormalities 
c.vcept moderate obesity. Complete blood 
count was normal. The urine appeared 
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milky and contained 174 mg. of fat per 
100 cc. Albuminuria and pyuria were 
each graded 1 + . The values for blood 
urea, plasma cholesterol and serum pro- 
tein were normal. Cystoscopic examina- 
tion and a left retrograde pyelogram did 
not reveal any abnormalities. 

Case 5. A 64 year old man of Chinese 
descent, who had been born in California, 
was at the clinic in , 1936. He com- 
plained chiefly of passing thick, milky 
urine. In addition he had occasionally 
had mild dysuria and the urine clotted on 
standing. The symptoms had been noted 
first 7 years prior to his coming to the 
clinic. They had disappeared spontan- 
eously 2 years later, but recurred 6 months 
before his examination at the clinic. 
Physical examination did not reveal any 
significant abnormalities. The urine was 
milky and contained 975 mg. of fat per 
100 cc. Albuminuria and er)'thruria 
were each graded S-f. The plasma values 
for cholesterol and total lipoids were nor- 
mal and the blood urea and blood sugar 
were within normal limits. The blood 
and urine were negative for microfilariae. 
On cystoscopic examination, milky urine 
spurted from the left ureteral orifice, but 
that from the right was clear. Not only 
did a retrograde pyelogram of tlie left 
kidnej^ reveal pyelolymphatic backflow, but 
the injected contrast medium was ex- 
creted by the right kidney within 5 
minutes. A subsequent retrograde pyelo- 
gram on tire right w\as normal. 

After this procedure, the chyluria did 
not I'ocur until 6 months before tire 
patient’s second visit to the clinic, in 1941. 
A retrograde pyelogram at that time w'as 
negative. Urinalysis revealed milky urine 
containing 46 mg. of fat per 100 cc. 
Albuminuria w'as graded 4-1- and erythru- 
Allnriuiniina was graded 4-f and crr-thr- 
uria 24-. 

2 w'ccks prior to the patient’s next visit, 
in Juire, 1946. E.xanrinatioir at that time 
revealed that the patient had lost some 
weight, brrt oth.orwise there had been no 
chatrge, A left retrograde pr’clogram 
revealed “marked l\-rrrpbatrc extravasation” 
medial to lire kidrrey. as was seen origin- 
ally in 1936. 

The palietrl was last seen at the clinic 


in August, 1947, when he returned be- 
cause chyluria had persisted since the 
previous visit and he now' w'as passing 
clots, w’hich caused rather severe dysuria. 
These clots w'ere noted to be numerous 
in the bladder on cystoscopy. Again, 
milky urine spurted only from the left 
ureteral orifice but a left retrograde pyelo- 
gram W'as negative. 

Case 6. A 51 year old w'hite man of 
Spanish extraction, whose residence w'as 
Puerto Rico, w'as examined first at the 
chnic in 1940, when a diagnosis of re- 
current malaria w'as made. He returned 
to the clinic in July, 1946, complaining 
chiefly of aching in the left renal region 
of 1 year’s duration and passage of “thick” 
urine often containing “chunks” of mucus 
intermittently for more than 6 years. 
There W'as no history obtainable of acute 
or chronic lymphangitis. Physical exam- 
ination did not reveal any significant 
abnormalities other tlian a rather large 
right hydrocele. Laboratory examination 
revealed hemoglobin 14,0 gm. per 100 
cc., erythrocytes 4,890,000 and leuko- 
cytes 7,400 per cu. mm., w'ith eosinophilia 
noted on the blood smear. The floccula- 
tion reaction for syphilis W'as negative. 
A roentgenogram of the thorax was nega- 
tive. Urinalysis show'ed a specific gra%'it}' 
W'hich ranged from 1.014 to 1.021; al- 
buminuria, grade l-j- to 3-f; erythruria, 
grade l-p to 3-}-; pjoiria, grade 1-f (4 to 
6 cells per high pow'er field). The urine 
W'as milky and reported as “t}'pical of 
chyluria.” It contained 77 mg, of fat per 
100 cc. On cystoscopy, a ver\' minute 
papilloma about 4 mm. in diameter just 
posterior to the right ureteral orifice w'as 
noted and fulgurated. The urine spurting 
from the ureters seemed clear, but w'hen 
ureteral specimens w'ere examined, that 
from the right ureter contained 31 mg. 
and that from the left 11 mg. of fat per 
100 cc. A left retrograde pyelogram 
revealed rather marked pyelolymphatic 
backflow. 

Case 7. A 45 year old white woman 
was seen at the clinic in September, 1946. 
She complained chiefly of s.vmptoms re- 
ferable to the upper part of Uie gastro- 
intestinal tract. Her residence was Puerto 
Rico and she w'as of Spanish descent. In 
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addition to the gastro-intestinal symptoms, 
she complained of the passage of milky 
urine intermittently since 1940, Urine of 
this type was passed usually in the first 
morning specimen, after which the urine 
was clear during the rest of the day. She 
gave a liistory of an acute episode of 
inguinal lymphadenitis associated with 
fever and red streaks on the right thigh 
at 14 years of age, but none since then. 
Microfilariae had never been demonstrated 
in the blood. The results of physical 
examination were- negative. Laboratory 
examination revealed 14.4 gm. of hemo- 
globin per 100 cc., erythrocytes 4,840,000 
and leukocytes 9,400 per cu. mm., with 
a normal differential count (1% eosino- 
phils). The flocculation reaction for syphi- 
hs and a roentgenogram of the thorax 
were negative. The ruine was milky in 
appearance and its specific gravity was 
1.015. Albuminuria and pjmria were 
graded 1-b. Blood and urine were nega- 
tive for microfilariae. 

Case 8. A 49 year old woman was 
seen at the clinic in February, 1947, hav- 
ing been referred to the clinic for post- 
operative (panhysterectomy) radium ther- 
apy, a diagnosis of carcinoma of the 
cervix having been made elsewhere. Her 
residence was British Guiana and it is 
recorded that she was of British, Spanish 
and Negro extraction. She complained of 
the presence of gallstones, which had been 
known for 5 years, and of the passage of 
milky urine for 30 years. She stated that 
she had had a "filarial infection” 30 years 
previously, but no further symptoms 
referable to tins illness are recorded. 
Gross hematuria had been present on 
several occasions as well as Ae passage 
of "thick” urine, but there was no history 
of urinary obstruction. In 1911, a large 
left inguinal Ijanph node had been re- 
moved, supposedly for filariasis. Physical 
examination revealed enlarged, firm axil- 
larj' and inguinal lymph nodes, absent 
cervix, uterus and adnexa (surgical) and 
atrophy of the right calf (proved to be 
secondars' to palsy of the right sciatic 
ner\’e 16 years previously). Laboratory 
examination revealed 14.0 gm. of hemo- 
globin per 100 cc., er>'throcytes 4,500,000 
and leukocytes 5,700 per cu. mm. The 


flocculation reaction for syphilis was nega- 
tive. The unne was milky in appearance. 
Albuminuria was graded 4-|- and erythru- 
ria 3-1'. A roentgenogram of the thorax 
was negative. A cholecystogram revealed 
the presence of gallstones. Blood and 
urine were negative for microfilariae. Ex- 
amination of cervical tissue (removed else- 
where) by one of the pathologists at the 
clinic revealed squamous-cell epithelioma, 
grade 4 (Broders’ method). Further in- 
vestigation of the chyluria was not carried 
out in -view of the necessity for prime 
attention to tire pelvic lesion. 

Case 9. A 34 year old white woman 
was seen at the clinic in July, 1943. She 
complained chiefly of having passed white 
urine for 3 months. Her residence was 
Illinois, but her birthplace and travels 
were not recorded. In 1937, she had had 
an episode of urinary obstruction relieved 
by right ureteral catheterization, the exact 
cause of the obstruction being undeter- 
mined. There had been no symptoms 
referable to the -urinary tract since tliat 
time or since she had first noted the 
presence of milky urine. In 1941, an 
active pulmonary tuberculous lesion was 
discovered, for which she was hospitalized 
from January, 1942 to April, 1943, when 
the lesion was said to be arrested. Her 
sputum had been positive for acid-fast 
organisms. Physical examination did not 
reveal any significant abnormalities. Lab- 
oratory examination revealed 13.1 gm. 
of hemoglobin per 100 cc., erythrocytes 
4,590,000 and leukocytes 4,500 per cu. 
mm. The specific gravity of the urine 
was 1.016. Albuminuria was graded 3, 
erythruria 2 and pyuria 3. The floccula- 
tion reaction for syphilis was negative. 
A roentgenogram of the thorax showed 
a lesion of the right upper lobe suggestive 
of tuberculosis. Cultures of urine were 
negative. No acid-fast organisms were 
found on examination of the urine or 
sputum. On cystoscopy, milky urine 
spurted from the left ureteral orifice and 
on retrograde pyelography there was sug- 
gestive pyelovenous backflow from the tip 
of the upper calLx of the left kidney. 

Case 10. A 59 year old white mtm 
was seen at the clinic in August, 1947. 
He complained chiefly of cloudy urine. 
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The patient was of Spanish-Cuban ex- 
traction, born in Key West, Florida. He 
lived in Florida until the age of 23 years 
and has lived in Brooklyn, New York, 
since tliat time. His only residence out- 
side of the United States was in 1946 for 
1 month in Mexico City. His first passage 
of cloudy urine had been in 1936 and had 
been accompanied by chills, temperature 
up to 102° F. and pain and swelling of 
both knees of 3 to 4 months’ duration. 
No furtlier milky urine was noted until 
1946, when there was recurrence of symp- 
toms as before, plus swelling of ankles 
and all proximal phalangeal joints of 
hands as well as redness and pain over 
the “vessels” of botli lower legs. The 
milky urine persisted for 3 to 4 weeks, 
whereas the other symptoms subsided in 
3 to 4 days. The patient was then well 
until 1 week jjrior to his examination at 
the clinic, when there was recurrence of 
cloudy urine, in which he noted “clots of 
mucus,” and mild arthralgia in knees and 
hands. 

Physical examination revealed bilateral 
inguinal hernias with an incisional (previ- 
ous herniorrhaphy) hernia in the left 
lower quadrant of the abdomen; enlarge- 
ment of the prostate, grade 2; and moder- 
ate pitting edema of botli ankles. Labora- 
tory examination revealed 15.6 gm. of 
hemoglobin per 100 cc., erythrocytes 
4,670,000, and leukocytes 5,300 per cu. 
mm., with 4.5^ eosinophils on differential 
count. The Kline, Kahn, Hinton and 
Kolmer reactions were negative. The 
urine was milky in appearance with a 
specific gravity from 1.017 to 1.025. Al- 
buminuria was graded 4-}-, erythruria 


3-f to 4-(- and pjmria l-f- (4 to 20 cells 
per high power field). A roentgenogram 
of the thorax revealed torsion of tlie 
aorta. The concentration of urea was 
30 mg. per 100 cc. of blood, that of 
uric acid 5.3 mg. per 100 cc. of serum, 
that of fasting blood sugar 168 and 86 mg. 
per 100 cc., that of cholesterol 247 mg. 
per 100 cc. of plasma, that ' of fatty 
acids 403 mg. per 100 cc. of plasma, that 
of total lipoids 650 mg. per 100 cc. 
of plasma, and that of protein 5.8 gm. 
per 100 cc. of serum. Serum sulfate, 
calcium and phosphorus were within nor- 
mal limits. Blood and urine were negative 
for microfilariae. On cystoscopy, clear 
urine was seen to spurt from the right 
ureteral orifice, and milky urine from the 
left. The urine contained 402 mg. of 
fat per 100 cc. on the first examination. 
After two days of low fat diet, the urine 
contained 100 mg. of fat per 100 cc. 
One hour after ingestion of 16 fluid- 
ounces (473 cc.) of cream, the lat content 
of the urine was 170 mg. per 100 cc.; 
after 3 hours, 540 mg. per 100 cc.; after 
4 hours, 570 mg. per 100 cc.; after 5 
hours, 988 mg. per 100 cc, (Fig, 1). 

Summary. We have reported 10 
cases of chyluria encountered at the 
Mayo Clinic. The etiology and j^ath- 
ogenesis of chyluria are discussed. 
Chyluria is rare, but it is not a widely 
recognized entity, and should be con- 
sidered in a differential diagnosis, along 
with pyuria, phosxDhaturia and lipuiia, 
whenever a patient complains of milk\', 
cloudy or white urine. 
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It is generally accepted that over- 
weight is a factor in the production 
of hypertension. Short and Johnson' 
of the Life Extension Institute com- 
pared the blood pressures of 2858 
overweight men and 658 men of nor- 


mal weight whose average age was 40 
years. In tlieir series overweight ap- 
peared to be a factor in causing an 
increased incidence of hypertension. 
This effect was more marked in the 
diastolic pressures tlian tlie systolic. 


TabIiE 1. Mean Systolic Blood Pressures by HEiGnT-WEionT Per Cent and Age — Male 


Age 

Height-Weight % 

No. Cases 

Mean Sys- 
tolic Pressure 

S.E. 

20 and Under 

Under 80% 

155 

118.7 

±.1143 


80-89% 

2375 

119.5 

± .0200 


90-109% 

14915 

121.7 

± .0104 


110-119% 

2841 

124.1 

±.0241 


120% and over 

1424 

120.7 

±.0300 


Total 

21710 

122.1 


21-SO 

Under 80% 

228 

117.2 

± .0745 


80-89% 

2501 

118.9 

±.0230 


90-109% 

14001 

122.0 

± .0090 


110-119% 

2789 

124.0 

± .0220 


120% and over 

1153 

125.0 

+ .0357 


Total 

20C72 

122.0 

• 

o 

\ 

Under 80% 

28 

109.5 

± .1989 


80-89% 

175 

117.4 

+ .0870 


90-109% 

717 

120.9 

+ .0442 


110-119% 

155 

123.1 

+ .1042 


120% and over 

02 

123.7 

+ .1002 


Total 

1137 

120.0 


■11 and Over 

Under 80% 

10 

110.5 

+ .4050 


80-89% 

42 

120.7 

+ . 2332 


90-109% 

171 

123.4 

+ .1119 


110-119% 

41 

125.0 

+ .2010 


120% and over 

17 

122.7 

. 2528 


Tot.al 

281 

122.8 


.'Ml .•\rcs 

Under 80% 

421 

117.1 

.0017 


SO-89% 

5093 

119.1 

.0170 


90-109% 

29S04 

121.8 

.0071 


110-119% 

5820 

124.0 

.0101 


120% and over 

2050 

120.1 

— 0254 


Total 

43S00 

122.0 
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Hartman and Christ^ studied the rec- 
ords of 2042 consecutive patients over 
15 years of age at the Mayo Clinic. In 
about an equal number of men and 
women they found a consistent rise in 
the mean systoHc blood pressures with 
an increase in weight. The mean dias- 
tohc pressures were found to increase 
with weight in women only. Alvarez/ 
Gager, ^ Symonds® and others have also 
reported studies showing this same 
general relationship between over- 
weight and blood pressure. 

In an earher paper^ the relation be- 
tween age and mean blood pressure 
levels for 43,800 men and 31,458 wo- 
men was reported by us. The group 
was composed largely of University 
students with an average age of 21 
years. The blood pressure readings of 
this same group of over 75,000 students 


have been correlated with height- 
weight % to determine what relation- 
ship there may be in young adults be- 
tween body weight and blood pressure 
levels. 

The height-weight % for each per- 
son in the group was computed accord- 
uig to the Medico-Actuarial tables. In 
the following discussion, the term 
weight is used to designate the height- 
weight % rather than actual body 
weight. Five weight groups were 
selected, the lowest including those 
persons falling below 80% of the stand- 
ard, and the highest those 120% or 
more of the standard. In tliis same 
group of individuals,^ it had been 
shown tliat in women the mean systoHc 
blood pressure increased with age. In 
order to minimize the age factor in 
determining the effect of weight on 


Table 2. Me.\n Systolic Blood Pbessubes bt Height-Weight Peb Cent and Age — Female 


Age 

Height-Weight % 

No. Cases 

Mean Sys- 
tolic Pressure 

S.E. 

20 and Under 

Under 80% 

362 

107.6 

±.0684 


80-89% 

3383 

107.8 

± . 0209 


90-109% 

12106 

109.1 

± .0110 


110-119% 

1862 

111.6 

+ . 0284 


120% and over 

1086 

115.0 

+ .0397 


Total 


109.4 


21-30 

Under 80% 


111.0 

+ .0570 


80-89% 

2571 

111.3 

+ .0214 


90-109% 


112.9 

±.0135 

- 

110-119% 

939 

114.2 

±.0363 


120% and over 

542 

117.5 

±.0531 


Total 

11029 

112.8 


31-40 

Under 80% 

83 

113.4 

± .1599 


80-89% 

315 

114.8 

+ . 0738 


90-109% 

699 

115.9 

+ . 0469 


110-119% 

80 

118.4 

± . 1364 


120% and over 

85 

121.1 

± . 1557 


Total 

1262 

116.0 


41 and Over 

Under 80% 

18 

128.4 

+ .4657 


80-89% 

77 

121.0 

±.1577 


90-109% 

206 

124.2 

± . 1264 


110-119% 

37 

127.5 

+ .3285 


120% and over 


138.8 

± .4869 


Total 

368 

125.3 


.411 .Ages 

Under 80% 

830 

110.1 

± .0450 


80-89% 

6346 


+ .0150 


90-109% 

19621 


± .0086 


110-119% 

2918 

112.8 

+ .0227 


120% and over 

1743 

116.5 

± .0328 


Total 

31458 

111.0 
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blood pressure, 4 age groups were 
established. The mean systolic blood 
pressure of each of the 5 weight groups 
within each of tire 4 age groups was 
computed (Table 1). 

In men the mean systolic blood 
pressures increase as the weight in- 
creases in every age group except in 
the group 41 and over where tire num- 
ber of cases is small. These increases 
are statistically significant. The same 
trend in mean systolic blood pressures 
witlr increase in weight was found in 
women with tire exception again in 
the small group over 40 years of age 
(Table 2), When all ages are combined 
this same general trend is evident. 

There is not the same definite re- 
lationship between the weight and the 
mean diastolic pressures as tlrat seen 
in tire systolic pressures. In men in 


the ages between 21 and 40 tlrere is a 
significant increase in mean diastolic 
jrressure with increasing weight. This 
is not found in the group rmder 20 
years of age or that over 40 (Table 3), 
In women tlrere is even less correla- 
tion between tire diastolic pressures 
and weight. The only age group show- 
ing significant differences in the dias- 
tolic pressures and weight increase is 
the 31 to 40 years (Table 4), Short and 
Johnson® found a similar increase in 
the mean diastolic pressures rvith in- 
crease in weight in men. Hartman and 
Christ,^ however, in their series found 
no correlation between weight and tire 
mean diastolic pressures in men but did 
find an increase in the diastolic pres- 
sures with increased weight in women. 
In order to determine the relative 
effects of age and weight on botlr sys- 


Tablf, 3, Mean Diastouc Blood PnEssonEs by HEIGHT-^YE^GI1T Per Cent and Age— Male 


Affc 

IIeighi-]V eight % 

No. Ca-w 

Mean Sys- 
tolic Pressure 

S.E. 

‘20 and Under 

Under 80% 

15,'> 

73.9 

±.9837 


80-89% 

2375 

72.7 

± . 2209 


00-109% 

14915 

72.0 

± .0900 


110-119% 

2841 

73.7 

± .2083 


120% and over 

1424 

75.2 

± .2973 


Total 

21710 

72.9 

± .0748 

2I~30 

Under 80% 

228 

74.2 

± .6589 


80-89% 

2501 

74.9 

± . 1920 


90-109% 

14001 

70.0 

±.0831 


110-119% 

2789 

77.5 

± .1871 


120% and over 

1153 

79.7 

± .3002 


Total 

20G72 

70.3 

± .0080 


Under 80% 

28 

72.0 

±1.3000 


80-89% 

175 

75.8 

± .7250 


90-109% 

717 

78.8 

± . 3493 


110-119% 

1.55 

80.5 

± .7774 


120% and over 

02 

81.0 

± .9151 


Total 

1137 

78.2 

± .2800 

41 and Over 

Under 80% 

10 

77 . 5 

±3.1781 


80-89% 

42 

80.0 

± 1 . 5504 


90-109% 

171 

81.0 

± .8258 


110-119% 

41 

84.0 

±1.5407 


120% and over 

17 

81.0 

±2.3181 


Total 

2S1 

81.5 

± .0290 

All Apes 

U ndcr 80% 

421 

74.0 

-t- .5225 


80-89% 

5093 

74.0 

.1435 


90-109% 

29801 

74.0 

.0010 


110-119% 

5280 

75,7 

. 1404 


120% and <iver 

2050 

77.8 

.2121 

. . 

Total 

43800 

74.7 

±-0510 
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tolic and diastolic pressures, the mean 
pressures for each weight group by 
ages is shown graphically in Figure 1. 
In men under 40 years of age, increased 
weight is associated with a higher mean 
systolic pressure, although in no weight 
group does age seem to influence the 
systohc pressure levels except after 41 
years of age. In women, however, both 
increased weight and age are factors in 
producing higher systohc pressures. 

There is an upward trend in the 


garding a family history of hyperten- 
sion and cerebral hemorrhage. It 
seemed of interest to determine 
whether there were any differences in 
the mean systohc pressures of those 
individuals with a history of hyper- 
tension or cerebral hemorrhage in their 
famihes and in those \vith no such his- 
tory. These data are presented in 
Tables 5 and 6. The mean systohc 
pressure in both men and women in 
those with no family history of hyper- 
tensive disease is lower than those wfh 


Table 4. Mean Diastolic Blood Pressures by Height-Weight Per Cent and Age — Female 


Age 

Height-Weight % 

No. Cases 

Mean Sys- 
tolic Pressure 

S.E. 

20 and Under 

Under 80% 

362 

67.6 ' 

± .5843 


80-89% 

3383 

67.0 

± .1903 


90-109% 

12106 

67.7 

+ .0996 


110-119% 

1862 

68.9 

+ .2536 


120% and over 

1086 

71.0 

-H .3461 


Total 

18799 

67.9 

± .0806 

21-30 

Under 80% 

367 

71.9 

+ .4968 


80-89% 

2571 

71.4 

+ .1984 


90-109% 

6610 

72.1 

+ .1187 


110-119% 

939 

73.4 

-1- .3178 


120% and over 

542 

75.3 

± .4310 


Total 

11029 

72.2 

± .0927 

31-40 

Under 80% 

83 

72.8 

+ 1 . 1782 


80-89% 

315 

74.5 

4- .3326 


90-109% 

699 

75.4 

-t- .3746 


110-119% 

80 

77.6 

+ 1.1937 


120% and over 

85 

78.4 

±1.1658 


Total 

1262 

75.3 

± .2879 

41 and Over 

Under 80% 

18 

83.9 

+ 2.8839 


80-89% 

77 

76.8 

+ 1.1156 


90-109% 

206 

79.2 

+ .9772 


110-119% 

37 

80.7 

+ 1.8470 


120% and over 

30 

87.2 

+ 2.9414 


Total 

368 

79.7 

± .6970 

All Ages 

Under 80% 

830 

70.4 

+ .3766 


80-89% 

6346 

69.3 

+ .1360 


90-109% 

19621 

69.6 

+ .0775 


110-119% 

2918 

70.8 

+ .2015 


120% and over 

1743 

73.0 

+ .8682 


Total 

31458 

69.8 

+ .0616 


mean diastolic pressures of both men 
and women for each height-weight 
group as the age increases. This is 
more marked in women than in men 

(Fig. 1). 

Information was available in die 
health records of these students re- 


such a history. ^^Tlile these differences 
are statistically significant, they are not 
very striking. Even in those individ- 
uals in whose famihes instances of both 
hypertension and cerebral hemorrhage 
had occurred, the mean systohc pres- 
sures were little different. 
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Summary. 1. The relation of body 
weight and family history of hyperten- 
sive disease to Islood pressure levels 
in 75,258 students examined at the Uni- 
versity of Minnesota has been studied. 


2. In botli men and women, tlie 
mean systolic blood pressures were 
found to rise as the weight increased 
in each age group tlirough 40 years of 
age. 



T.\hi.b 5. Mean Systolic Blood Puessuues According to Family- History- of Hypertensive 

Disease — Male 


Family Hi story of 

X7imbcr 
of Cases 

Mean 

Pressure 

Standard 

Error 

Cerebral hemorrhage 

C9S5 

122.2 

±.1483 

llyperlension 

1035!) 

122.8 

±.1208 

Cerebral hemorrhage and hypertension 

2781 

122. G 

± .2317 

Xeilher 

29037 

121. S 

±.0728 

Tadi.e G. Mean Systolic Blood Phesseres According to Family History of IIypertensive 

Disease- 

-Female 




X timber 

Mean 

Standard 

Family History of 

of Cases 

Pressure 

Error 

Cerebral hemorrhage 

GG09 

111,7 

± . 1523 

Hypertension 

8001 

111 .G 

± .1342 

Cerebral hemorrhage and hypertension 

2S14 

112.3 

± .2347 

Neither 

190G2 

110.7 

± .0SS3 
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Table 7. Mean Systolic Blood Pkessubes in Persons with Abnormalities of Cardiac 

Structure or Function — jMale 


Persons with 

No. of Cases 

ilean Pressure 

Standard Error 

Congenital cardiac defect, valvular defect, or 
diac hypertrophy 

car- 

291 

129.9 

± .9831 

Tachycardia only 

1637 

128.6 

+ .3685 

No evidence of cardiac abnormality 

11872 

121.7 

± .0592 

Total 

43800 

122.0 

+ .0592 

T.vble 8. Mean Systolic Blood Pressures in Persons with Abnormalities of C.\rdiac 

Structure or Function — Female 

Persons with 

No. of Cases 

Mean Pressure 

StandardError 

Congenital cardiac defect, valvular defect, or 
diac hypertrophy 

car- 

207 

117.2 

+ 1.1663 

Tachycardia onlj' 

1777 

116.8 

± .3265 

No evidence of cardiac abnormality 

29474 

110.7 

+ .0700 

Total 

31458 

111.0 

± .0693 


3. There was less effect of over- 
weight on the mean diastoUc pressures. 
In men in the age groups between 21 
and 40 there was a significant rise in 
the mean diastoUc pressures as the 
weight increased. In women, this re- 
lationship was seen only in the 31 to 
40 age group. 

4. In men up to 40 years of age, 
overweight rather than age seemed to 


be an important factor in producing 
higher systoUc pressures, while in wo- 
men, both weight and age seemed to 
exert an influence on systoUc pressure 
levels. 

5. A family history of hypertensive 
disease was associated with slightly 
higher mean systolic pressures in both 
men and women. 
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TIIE CONTROL OF CIRCULATORY STASIS 
BY THE ELECTRICAL STIMULATION OF 
LARGE MUSCLE GROUPS 
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M. KATHARINE CARY, A.B. 
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Ti-iere is little need these days to 
remind readers of the value of early 
movement after operation as a preven- 
tive of venous thrombosis and pulmo- 
nary infarction. Many patients how- 
ever fear or resent the attendant dis- 
comfort, In others, unconsciousness, 
weakness or senility may exclude 
active movement. In all of tliese cases 
passive movement might supply tlie 
answer, but passive movement and 
massage on a large scale in a big hos- 
pital widi many surgical operations is 
expensive. Anj' other procedure that 
ensures movement of venous blood 
widiout discomfort should therefore 
be a welcome addition to post-opera- 
tive treatment, not only to prevent 
venous tlirombosis, but to avoid per- 
ipheral circulatory failure. 

The physiological considerations in- 
volved are briefly as follows: Circu- 
lation is maintained by three sets of 
pumps strategically placed along die 
blood circuit, viz. the heart, the vol- 
untary muscles and tlie diaphragm. 
One of tlie essentials for efficient car- 
diac acti\'it}' is a mechanism for re- 
turning an adequate volume of ven- 
ous blood to the heart. This is main- 
tained by skeleton muscle contractions 
(muscle pump) and bj' the piston-like 
action of the diaphragm during respi- 
ration (rc.spiratory pump). Increased 
muscular activity therefore automatic- 
ally tends to increase cardiac inflow 
and output. 


Tlie various causes of circulatory 
failure include loss of blood volume, 
failure of cardiac, muscle or respiratory 
pumps and the loss of vascular tonus. 
Altliough a vast amount has been wit- 
ten concerning most of tliese, it is only 
in recent years that we have begun 
to appreciate tlie role of the muscle 
pump, particularly as regards stagna- 
tion of blood in the lower limbs and 
tlie relation of this condition to post- 
operative shock and thrombosis with 
pulmonary embolism. 

Some years ago it occurred to us 
that such stasis might be overcome by 
(he artificial induction of muscle activi- 
ty. for instance, by rhythmical elec- 
trical stimulation. 

Since thi'ombi form most often in the 
legs, especially in tlie veins of the calf 
muscles, and leg muscles are the most 
readily accessible for electiical stimula- 
tion, we decided to confine our work 
to this area. Preliminary observations, 
herein reported, were made on that 
form of peripheral circulatory stasis 
and failure which is so readily induced 
by the force of gravitj' in certain suli- 
jects when suspended or lying im- 
mobile at an angle of 70 degrees from 
the horizontal (gravity shock or ortlio- 
static circulatory insufficiency). Tlie 
e\idences of this state are an increase 
of heart rate and diastolic pressure, a 
decrease of pulse pressure and systolic 
pressure, together with some pallor, 
sweating and distress. Tlie application 
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of tlie method to the treatment of 
traumatic shock and tire prevention of 
post-operative tlu'dmbosis in this hos- 
pital will be recorded on another oc- 
casion. Our results so far are dis- 
tinctly encouraging. 

Methods. 1. Production of stasis. Cir- 
culatory stasis in the lower extremities 
was produced the technique of “gravity 
shock” caused by tlie passive maintenance 
of a 70° angle from the horizontal by a 
subject on a tiltboard. The subjects had 
prewously been found sensitive to this 
procedme and trained for complete re- 
laxation and immobility. 

2. Source and type of electric current. 
Passive muscular contractions in the thigh 
and calf were induced bj' a sinusoidal 
current (surging interrupted direct current 
vath alternating polarity') from a Burdick 
Morse Wave generator M-210 at an inten- 
sity and frequency comfortable to the 
individual subject. This was usually at 
20 to 30 milliamperes intensity and at a 
rate of 18 to 20 contractions per minute. 

3. Electrodes. In the early experi- 
ments, the dispersive electrode, applied 
to the lumbo-sacral region, consisted of 
a thick stockinette girdle soaked in warm 
saline with a Crooke’s metal contact. 
This was covered with rubber sheeting 
and held in place bj' a manj'-tailed surgi- 
cal binder. The active electrodes were 
spiral muslin binders of fourfold thick- 
ness applied damp and as warm as toler- 
ated from the ankle to groin. Half-inch 
ribbons of Crooke’s metal were spiraled 
the full lengdi of the binders and the 
whole covered widi oiled silk held in 
place with ace bandages. 

In later e.xperiments, the dispersive elec- 
trode consisted of a thick square Burdick 
electrode pad 10 10 inches, thoroughlj' 

moistened with warm normal saline and 
held firmly in place over the lumbo-sacral 
region with a many-tailed binder. The 
active electrodes were similar rectangular 
pads, 3 X 12 inches each, applied to the 
dorsal surface of the calves and held m'th 
binders of dental dam rubber. Bifurcated 
and single leads connected the active and 
dispersive electrodes respectively to the 
generator. 


4. Procedures. Pulse rates were de- 
termined at the radial artery on one arm 
and blood pressures (with a mercury or 
an aeroid manometer) on the other arm 
at one minute interv'als. Circulation times 
were determined by the sodium dehydro- 
cholate method. Since ankle to tongue 
time determinations were obwously im- 
practical, antecubital to tongue determina- 
tions were made on the assumption that 
if our e.xperimental procedrues resulted 
in significant changes in the blood pressure 
of the radial artery, these changes would 
be reflected in similar variations in cir- 
culation time in the arm. In order to 
demonstrate any alterations in the velocity 
of venous return, the circulation time of 
the subject during gravity shock was com- 
pared with that of the same subject under 
the influence of muscle stimulation in 
otherwise identical circumstances. 

Experimental observations. The sub- 
jects were healthy adults from 23 to 
58 years of age. Thirty-two experi- 
ments were made. 

All experiments were preceded by a 
30 minute stabilization period, with 
the subject lying horizontal on the 
tilt-board in a warm, quiet and dark- 
ened room. After 10 minutes of basal 
observations, the subject was passively 
tilted to a 70° angle and maintained in 
tliat position during tire period of obser- 
vations. 

1. Controls (i.e. not receiving elec- 
trical stimulation) were held at tlie 
critical angle until symptoms of grawty 
shock occurred. These usually be- 
came manifest when the pulse pi-essure 
had dropped to or % of the basal 
level. The time varied from 10 to 50 
minutes. Return to the horizontal posi- 
tion brought about prompt and com- 
plete recovery. Fig. 1 shows a typical 
gravity shock reaction. 

2. Intermittent Electrical Stimula- 
tion. In these cases, gravity shock 
symaptoms were allowed to develop 
before the introduction of muscular 
contractions by electrical stimulation. 
Bouts of alternating stimulation and 
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TIME IH MINUTES 


EFFECT OF 70® ANGLE 


Fig. 1.— Sliowing the fall of pulse pressure and rise of heart rate induced by gravity in 
certain subjects when immobilized at an angle of 70° from the horizontal (gravity shoch). 



I'ig. p.-Sluming the alterations in pulse pressure and heart rate in gravitv shocb and tJieir 
restonition to normal during 2 periods of rhythmical muscle stimulation. " 
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rest caused corresponding periods of 
recovery and relapse (Fig. 2). 

3. Continuous Electrical stimulation. 
^Vhen electrical stimulation witlr ac- 
companying contractions was instituted 
before tilting to tire 70° angle and 
continued for the duration of the ex- 
periment, no signs of gravity shock 
developed. 

4. The circulation time, determined 
during the period of circulatory stasis 
immediately preceding tire “blackout” 
of gravity shock, was abnormally pro- 
longed in all subjects. When however 
the experiments were repeated under 
identical circumstances, except that 
rhythmical muscle stimulation was 
maintained throughout, the circulation 
times were shortened to within normal 
limits (Table I). 


changes in circulation time from ante- 
cubital fossa to tongue, as illustrated 
in four subjects. 

Objection might of course be made 
that the reversal of the signs of gravity 
shock might be the result of emotional 
distm-bances consequent to the mild 
discomfort of the electrical treatment. 
When however the type of eurrent em- 
ployed was one that produced similar 
discomfort without motor response, the 
course of gravity shock was unaffected. 

Conclusions. A simple method of 
aborting or preventing the peripheral 
circulatory failure of gravity shock 
has been described. 

The method is now being applied 
in this hospital: (a) in the treatment 
of traumatic shock, and (b) as a pre- 


TABLE 1. 

Circulation Times (antecubital fossa to tongue) 


Subject 

In gravity 
shock at 70° 

Dunng electrical 
stimulation at 70® 

F.L.A 


16 sec. (right arm) 


15 

7 (left arm) 

M.K.C 


16 


27 

14 

E.N.D 

. 41 

28 

B.J 


28 


Discussion. Rhythmical electrical 
stimulation, applied to the muscles of 
the lower extremities of a subject in 
gravity shock, not only arrests the fall 
of pulse pressiue and acceleration of 
heart rate, but rapidly restores them to 
normal, \\ffien the stimulation was in- 
troduced before the patient was sub- 
jected to the hydrostatic effects of 
grawty, the symptoms and signs of 
gravity shock are prevented completely. 

Tliat the peripheral circulation is 
retarded during grawty shock, and re- 
stored to normal by electrical stimula- 
tion, is shouTi by the corresponding 


ventive of post-operative shock, venous 
stasis and thrombosis. To date, some 
60 patients have been treated, but 
these numbers are too small to warrant 
conclusions. It is hoped, however, that 
the metliod will be tried and reported 
in other hospitals. « 

We are greatly indebted to the Burdick 
Corporation of Milton, Wis. for tliesr 
generous gifts of a M-210 generator (now 
replaced by small portable model) and for 
technical help and advice, and to Dr. F. 
A. Hellebrandt, chief of the Baruch Cen- 
ter of Physical Medicine, for her active 
cooperation in all phases of tlie work. 


* This subject had to be returned to the horizontal position before the end-point was reached. 
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Human anthrax is a disease for 
which no active prophylaxis has yet 
been developed. The prevention of this 
disease is, for the most part, dependent 
upon the control of the infection in ani- 
mals and the employment of general 
hygienic and sanitary measures. As 
the disease in humans is contracted 
through tlie handling of infected ani- 
mals and their products, it is seen 
principally as an occupational disease 
in veterinarians and workers in wool 
and leatlie' industries. Reports of the 
Philadelphia Health Department in- 
dicate diat the incidence of anthrax 
in tliis cit)f shows no tendency to de- 
crease. In the period from 1904-1947 
there were reported to the Philadel- 
phia Health Department 433 cases 
with 50 deaths, a mortality of 11.5%. 
The source of contact in these cases 
was traced to imported hides, skins, 
wool, hair or their products^. In 5 pa- 
tients, a store owner, the wife of a 
hide dealer, a machinist, and 2 unem- 
ployed persons, the source of infection 
could not be discovered. 

Great adv'ances ha\'e been made in 
the treatment of this disease since the 
use of specific antiserum was reported 
by Marchoux in 1S95 and by Sclavo in 
1903. Bacteriophage was employed by 
Villcga Ruiz'’, and Pijper^ in 1926 re- 
ported the use of neoarsphenamine for 
the treatment of antlirax. 

The present study deals with a series 
of 36 consccuti\e patients who were 
treated with penicillin alone. The first 
3 cases of this series were reported in 
a prcliminaiy' report in 1944*. The first 


patient was treated on 11-1-43, and the 
last on 12-23-47. 

DlSTUIBUTlON OF PATIENTS ACCORDING TO 

Source of Infection 


Wooi 25 

Goat Skin 4 

Hides 3 

Goat Hair 2 


Horse Hair 2 

36 

The preponderance of infections in 
wool workers is apparent from the 
above table. The wool handlers in- 
clude twisters, blenders, carpet yarn 
reelers, carpet burlers, spinners, wind- 
ers, sorters, combers, and pickers. Other 
patients worked as tx'ucker, hair doffer, 
machinist, shipper, stripper, and glazer. 

Location of Lesion 


Arm— lower arm 19 

upper arm 2 21 

Face 10 

Neck 2 

Shoulder 1 

Chest 1 

Back 1 


36 

The exposed parts of the body were 
most frequently affected. It is presum- 
ed that all cases, which were of the 
cutaneous type, were contracted by 
direct contact with contaminated ma- 
terial. In many instances the organism 
was probably inoculated into the skin 
or hair follicles by repeated irritation. 
Lesions on the forcann were more 
common in yam tvasters who carried 
skeins of yam o\-er the arm and in 
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spinners who carried the spools by 
the armload. 

Twenty-one patients were males and 
15 were females. There was no pref- 
erence for sex except as the occupa- 
tion was influenced by the requirement 
of special skills peculiar to the sex. 

Because the disease is an occupation- 
al one, the patients are for the most 
part in the older age group, and age of 
the patient has otherwise no bearing 
on the incidence of the disease. The 
youngest was 18 years old; the oldest, 
75 years. Social and economic factors 
as they affected employment over this 
period were factors which strongly in- 
fluenced the distribution of patients 
by sex as well as by age. 

The yearly distribution of cases was 
as follows: 1943—3 (Nov.-Dee. ); 1944 
-2; 1945-7; 1946-14; 1947-10. 

A definite history of trauma was ob- 
tained in 3 cases. One patient who 
developed a lesion on the shoulder 
was a trucker who carried hides, an- 
other patient developed a lesion on the 
tip of the nose where oil drippings 
had traumatized the skin, and the tliird 
patient, the only one in this group with 
a multiple lesion, was struck with a 
block on the forehead where the an- 
thrax infection later appeared. 

Duration of Disease at Tiaie of 
Admission to Hospital 


Days No. of Patients 

1 3 

,2 5 

3 10 

4 7 

5 5 

6 3 

9 2 

15 1 


The average duration of disease was 
4 days before patients were admitted 
to the hospital. Tlie average stay in 
the hospital was 14 days, the range was 
from 7 to 36 davs. 

BACTEniOLOGY: The diseharge from 
the lesion was placed on a slide for 


examination and plain blood agar cul- 
ture tubes were inoculated, immedi- 
ately on admission, then once daily 
until 2 successive negative smears and 
cultures were obtained. A blood culture 
was taken on each patient immedi- 
ately upon admission. 

Results of Smears and Cultures 


Smear 

Culture 

% 

Positive 

Positive 

52.7 

Negative 

Positive 

19.4 

Positive 

Negative 

11.1 

Negative 

Negative 

16.6 


Thus bacteriologic confirmation of 
die diagnosis was possible in 83.47o 
of the cases, and in die majority of the 
cases both smears and cultures were 
positive for antlirax bacillus. In the 6 
cases (16.6%), where the diagnosis was 
not confirmed bacteriologically, the 
characteristic appearance of the lesion 
left no doubt as to the clinical diag- 
nosis. 

Days of Penicillin Treatment Necessary 
TO Render Cutaneous Anthrax Lesions 
Bacteriologically Negative 

Days of Penicillin No. of Patients 

Treatment 

1 9 

2 9 

3 9 

4 1 

5 1 

6 0 

7 1 

Of the bacteriologically positive 
cases, 30% became negative 24 hours 
after treatment was instituted. The 
same number became negative after 
48 hours and an equal number after 72 
hours, so that a total of 90% of the 
cases had become negative after 72 
hours of penicillin therapy. One 
patient who had negatii'e smears and 
cultures for 6 days had a posidve 
smear on the 7th day. Another patient 
who received 6 injections of sodium 
penicillin (total 150,000 units) before 
admission had negative smears and 
cultures on each e,\'amination, while 
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another patient who was treated wntli 
oral penicillin had positive smear and 
culture from the lesion when admitted 
to the hospital on the 15th day of dis- 
ease. Blood culture in each case was 
reported sterile. 

Treatment: The dictum of “liands 
off” was strictly followed. Except to 
obtain vesicular fluid for bacteriologic 
study, the lesions were not disturbed. 
A plain sterile dressing was used to 
cover the lesion, sometimes a bland 
ointment was used to prevent adhesion 
of the dressing. When possible, loose 
bandages or binders were used in 
preferenee to adhesive tape to secure 
the dressings. Because of the absence 
of pain it was difficult to rely on the 
patient voluntarily to immobilize the 
part involved. It was occasionally 
necessar)^ to splint an extremity in 
order to discourage excessive motion. 

Because of the absence of pain in 
this disease, it is rarely necessar)^ to 
administer narcotics or analgesics. The 
location of the lesion in certain parts 
of the body where the subcutaneous 
tissue is sparse may cause considerable 
discomfort but never enough to be a 
serious problem. Edema is present in 
e\'ery case in a var)'ing degree. \^flien 
edema is in or near a vital structure 
such as the eye or neck, it ina}'' require 
urgent and concerted effort to abate it 
In such instances it is easier to inhibit 
edema by the early and continuous ap- 
plication of cold to tlie part. 

The only specific treatment employ- 
ed in the group being reported was 
sodium penicillin solution. Except for 
the first 3 patients who recei^'ed peni- 
cillin intravenously, penicillin was ad- 
ministered intramuscularly. The ma- 
jority of the patients in this group 
were gi\-en between 100,000 to 200,000 
units in a 24-hour period at 3 hourly 
intervals. 

In most cases the lesions were re- 
gressing after the smears and cultures 
became negative on 2 successive davs, 


at which time treatment was discon- 
tinued. The first 3 cases of anthrax 
in this group apparently responded 
satisfactorily to doses which were much 
smaller than were used subsequently. 
The earlier cases received from 50,000 
to 100,000 units in 24-hour period. 

Comment; It was observed that in 
many cases, the lesions continued to 
spread and the edema increased for 24 
to 36 hours even after treatment was 
begun. In the past when patients 
were treated with antiserum, this 
phenomenon was frequently observed. 
It was postulated that a reaction be- 
tween the infection and the specific 
serum occurred which was manifested 
as an inflammatory reaction. It may 
be that such may also be the case when 
penicillin is employed. Another hy- 
pothesis which ma}^ explain the re- 
action is that the infective process 
is accelerated by tlie specific therapy 
so that the anthrax lesion proceeds 
along a definite pattern which eventu- 
ally terminates in resolution of the 
lesion. The presence of a “tissue 
damaging factor” has been considered 
by some, so that the infection may 
progress to a fatal termination even 
though the cultures from the blood 
and lesion are sterileb 

It was not necessar)- to use adjunc- 
tive treatment for the patients herein 
reported. Specific anti-anthrax serum 
is not available commercially at the 
present time, but we contemplated the 
transfusion of any patient who did not 
respond to penicillin with immune 
whole blood which might be available 
from persons who ha\’e recently recov- 
ered from anthrax. 

There were no untoward reactions to 
penicillin in our cases which warranted 
the cessation of its administration. 

Conclusions and Summarx'; Thirty- 
six patients with uncomplicated cuta- 
neous anthrax were treated with sodium 
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penicillin in doses from 100,000 to 200,- 
000 units daily. 

The cutaneous lesions became nega- 
tive in 27 of 30 bacteriologically posi- 
tive cases after 3 days of penicillin 
treatment. 


Penicillin apparently has no direct 
or immediate effect on the tissue dam- 
aging factor of cutaneous anthrax. 

Intramuscular penicillin may be 
safely used successfully to treat cuta- 
neous anthrax. 
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The knowledge of those forms of 
tularemia which are not common in 
America contributes to a better under- 
standing of this disease. \Vliile a po- 
litical deportee, tlie author had the op- 
portunity to observe an uncommon 
and interesting epidemic outbreak of 
tularemia in Siberia, USSR. The data 
accumulated warrant publication, since 
no similar obser\'ation could be found 
in tlie American literature. 

Tularemia is an American disease. 
It was first described here in rodents 
by McCoy and Cbapin^"'^^, who also 
discovered the Bacillus Tularense. 
Other early contributions to this sub- 
ject also came from the United States; 
Wheny-^ reported the transmissibility 
of tliis disease to man, Francis'’-^’ gave 
the classical description of this con- 
dition as it occurs in man and named 
it tularemia, Foshay- developed the 
diagnostic allergic reach'on and intro- 
duced serum b'eatment for tliis disease. 
Subsequently tularemia was recogniz- 
ed in many other countries but the two 
most important reservoirs of this dis- 
ease are still the United States and 
Soviet Russia. 

Tliere arc great differences in the 
epidemiology' and the clinical picture 
of tularemia in these countries. This be- 
comes clear when the American liter- 
ature 2.-'!F'.c.f.n.i2.i3.22,2.T27.2s com- 
pared with the Russian reports on tlie 


The main animal reservoir of tu- 
laremia in the United States is compos- 
ed of ground squirrels, cotton-tail rab- 
bits, snow-shoe hares, and many otlier 
rodents. On the otlier hand the main 
source of infection in Soviet Rus- 
sia consists of water-rats (Aroicola 
amphibius) and to smaller e.xtent of 
ground-rats (Arvicola terrestris), musk- 
rats and meadow-mice (Microtus), 
while rabbits, squirrels and hares play 
a far lesser role. 

According to Foshay* more than 90% 
of human cases in the United States 
result from direct contact with infected 
rodents and their tissues, fluids and 
pelts. Since the seasonal distribution of 
tularemia in tlie United States depends 
on this factor, outbreaks of the disease 
occur from April to October when jack- 
rabbits are handled, November to Janu- 
ary when cotton-tail rabbits are hunted, 
March to September when the disease 
is transmitted from rodents by ticks, 
and June to September, if the vector is 
Chrysops Discalis (Meyer**). In So- 
viet Russia the seasons of tularemia are 
as follows: April to June if the epi- 
demic is due to rats; at this season the 
infected water-rats start to populate 
shores of the rivers after floods have 
subsided and are hunted by rat-hunt- 
ers; late fall and winter, if the epidemic 
is epizootic among meadow-mice, 
which infect the grain placed in stacks; 
summer, if the epidemic is due to 


” Tlic .author, fonuorly connected with the .Stxrond Department of Medicine. FaoilW of Medi- 
cine. LmverMty of M .an.aw. Toland. w.-rt durint: World W.nr II dciwrted hv Rmo-ans from Etistcm Pohmd to 
Sihen.a (m June 1910). He worhed lliere ns a politic.!! deportee in the Hospital of the settlement Aiino. 
Sibcna, USSR, for lo months until he sc.-is released at the outbreah of German-Russian hostilities. 
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transmission of tularemia by insect 
vectors. 

The main vectors of tularemia in the 
United States are the following insects: 
the deer-fly {Chnjsops discalis), stable 
fly {Stomoxis calcitrans) and wood- or 
dog-ticks (Dermacentor andersoni and 
Dermacentor variahilis). In Soviet 
Russia tlie following insects (besides 
those enumerated above) are consid- 
ered capable of transmitting tularemia: 
mosquitoes (Anopheles maculipennis, 
Culex apicalis, Aedes caspius, and 
others), midges (Chironimidae) and 
small flies (Buffalo-gnats, Simulia).-^ 

There are some distinct diEerences 
also in the clinical picture and mortal- 
ity of tularemia in the United States 
and in Soviet Russia: 

The chief type in both countries is 
the ulcero-glandular. While in the 
United States more than 90% of lesions 
are located on the upper extremity, in 
Russia only 65 to 70% of tlie cases show 
tliis localisation. The ocular form is much 
more frequent in the United States 
than in Russia. On tlie other hand tlie 
anginous form, which has been describ- 
many times in Soviet Russia, is prac- 
tically unknowTi in the United States. 

The pulmonary comphcations of 
tularemia are e.xtremely rare in Sowet 
Russia but are very common in die 
United States. Because of the idrulence 
of the American strain of B. tidarense 
and its affinih' for tlie respiratory tract, 
the mortality in the United States was 
much higher than in Russia prior to 
the advent of streptomycin. Accord- 
ing to the United States Public Health 
Serx'ice the American mortality rate 
was 5.6%. In Soviet Russia the mortal- 
ih- rate was approximately 1.0%. 

Epidemic outbreak of tularemia in 
Asino and Jaja, Siberia. The settle- 
ments of deportation Asino • and Jaja 
are situated in the province of Novosi- 
birsk in the South Eastern comer of 
the great Westem-Siberian Plain ap- 
proximatclv at the S5th degree of East- 


ern longitude and 58th degree of the 
Northern latitude. Asino lies about 
100 miles to the North of Tomsk and 
forms the terminus of a railway branch 
mnning from this towm to the North. 
Asino and neighbouring Jaja are situ- 
ated witliin “tajga”, that is, dense, low, 
leafy and coniferous woods. The settle- 
ments are surrounded with moors and 
swamps and lie at the Czulym river, 
wliich belongs to the basin of the great 
river Ob. 

The basin of the river Ob has been 
known as a tularemic area since 1930, 
and scattered cases of tularemia have 
been noted among water-rat hunters 
and tlie natii^e population working with 
rat-pelts. The water-rats are encount- 
ered in large amounts on the shores of 
tlie river Czulym and adjacent stagnant 
waters. Moreover, a few meadow-mice 
and field-mice as well as some hares 
and squirrels are encountered near in- 
habited places. Swarms of insects are 
found in this region. The meadows and 
woods are crowded with mosquitoes 
(Cidex, Aedes and Anopheles varieties) 
as well as with Simulia and midges. 
Swarms of flies (Miisca domestica and 
Stomoxis calcitrans) are found in close 
proximity to inhabited barracks and 
live-stock. Chnjsops discalis is encoun- 
tered infrequently on the shores of 
rivers and marshes; ticks are found only 
in the woods. 

The average winter temperature is 
between -20° and -40°C. The aver- 
age summer temperature in July is be- 
tween 10° and 20°C. The summer of 
1941 was, however, warmer than usual. 

At that time the population of the 
settlement Asino was composed of 1840 
Polish citizens, who in June, 1940, were 
forcibly deported to Siberia from East- 
ern Poland occupied by Russians at the 
outbreak of the World War II. The 
population of the adjacent settlement 
of Jaja, located only a few miles from 
Asino, consisted of 460 peasants de- 
ported from Poland at the same time. 
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and mosdy of Ukrainian nationality. 
Tlie population of other adjacent vil- 
lages (Asino, Woronopasclie, Feotis- 
towka, Trichomirowka, Wozniesien- 
sko, Kalinowka, Nowikowka, Pus- 
zkino, Ilinskij, Tuistat, and others) 
consisted only of Russian peasants, 
most of whom had been transferred 
and deported to Siberia from the Rus- 
sian Ukraine in the pre-war years. 

Tlie hospital of the settlement Asino 
was located in wooden barracks of tlie 
settlement Sosnowka, and belonged 
previously to one of the jail settlements 
of the “Tomasinlag” It liad a 
capacity of about 100 beds and took 
care of the entire Polish population of 
the settlements Asino and Jaja, as well 
as the Russian population of all the 
adjacent villages. The hospital had an 
out-patient department which was run 
by 6 deported Polish physicians, and 
several wards for infectious, medical, 
surgical and pediatric diseases, die 
staff of which was composed of 5 other 
deported Polish physicians. There were 
also a laboratory and a pharmacy. The 
activities of the Polish staff of doctors 
were controlled by Russian local 
District Health Authorities. 

Tlie Polish medical stafff took 
an active part in the observation and 
treatment of our tularemic patients. 
The Russian healdi authorities also 
helped us in our work,;]: 

One hundred and twenty-one cases 
of tularemia were observed in the hos- 
pital of Asino during July and August, 
1941. There were 63 ambulatory 
patients (40 Russians and 23 Polish 


citizens) and 58 hospital cases (28 
Russians and 30 Polish citizens). Tliere 
were 81 females (66.9%) and 40 males 
(33.1%). Their ages ranged betiveen 6 
and 63 years; 50 were under 20 years of 
age (among diem 32 children below 
15 years); 53 patients were between 20 
and 40 years; 18 patients were above 
40 years of age. More than half of the 
patients (63) were peasant or field 
workers. One fourdi of the patients 
(30) were children going to the wllage 
public school. There were also among 
the patients 12 men who worked in the 
saw-mill of Asino, 14 watchmen, coach- 
men and clerks, and finally 2 children 
below school age. 

Many other cases of tularemia occur- 
red in the neighboring villages during 
July and August, 1941. Tliis was evi- 
dent from the information supplied by 
our padents. Widiout any doubt die 
121 cases reported in this paper con- 
stituted only a part of a much larger 
epidemic of tularemia in this district. 
Since we had no access to die statistics 
of the Russian District Healdi Audior- 
ities, we were not able to ascertain the 
exact extent of the epidemic. 

Epidemiolog}'. Among the most 
striking and unusual features (even in 
Russia) of this epidemic were its mas- 
sive and sudden outbreak, its very 
short duration, and its uniform type. 
Although scattered cases of the ulcero- 
glandular form of tularemia were treat- 
ed in the hospital during the period 
between July, 1940, and July, 1941, 
the true epidemic outbreak started 
within the first few days of July, 1941. 


® "Toiiin'.inlaK” i< .an .aKjircK.atc of many camps of confinement .and forced I.ilmr of tlie Tornsk-Asino 
District. It sv.as mn fiv NKVD (Ilnssian Security Police) .and sv.as populated mostiv bv nussiaii political and 
criminal prisoners. 

1 Tlie antlior wislics to c.\pre.ss bis deep appreciation for tJic work which was done bs- the Polish medical 
•Staff: 


l?r. J. Her belpetl ns vers- much m collcctins the cpidcmiolojifc data. Tlic late Dr. J. OIccka, as 
well as Drs. Hninne and Szpicelman participated in the routine hospit.al work. Drs. Dr.iessailski. Faiman and 
Kads-siewicz obsers-('d tlie ambulators- patients and pennitted sis to review their cases. Mcr. Keiler did all the 
iahorator\* vork. 

W K T'l-’ Infectious Diseases of tlie Mcdic.al Faculty of the Universitv of Tomsk, beaded bv 

Irof. Miiikiewier delec.ated an entomoloKist to the .Settlement .and .supplied us with adesiuatc amounts of tu- 
baremic anliKcn for auclutination tests .and tularin for .allcrpc tests. Prof. Minkieivicr visited tlie settle- 
ment and C.ave us clinical advice. m-iu. 

Litwinon-. ho.ad of the Russian local District Health Authorities, brouclit us into contact ss-ith 
the Disasion of Infectious Diseases of the Merlical F.aculty of the University of Tomsk. 
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At this time 6 cases of tularemia were 
brought to tlie hospital. From then on, 
the number of cases increased rapidly, 
so that 11 more cases were admitted 
during the second 10 days and 19 new 
cases during the last 10 days of July, 
1941. The peak of the epidemic was 
attained during the first 10 days of Aug- 
ust, when 45 new cases were admitted. 
At this time our small hospital of 100 
beds was practically filled to its capac- 
ity with tularemic patients. After the 
peak was reached, the epidemic sub- 
sided rapidly. During tlie second 10 
days of August, 22 new cases were ad- 
mitted and during the last 10 days of 
August only 6 new cases. During the 
first few days of September only 3 
new cases were admitted, and finally 
the epidemic stopped as 'rapidly as it 
came. (During the epidemic, 9 am- 
bulatory cases were observed in ad- 
dition in the settlement; the dates of 
the beginning of the disease in these 
cases could not be determined). 

The outbreak of the epidemic started 
apparently in tlie collective farms (kol- 
choz) Nowikowka and Foetistowka. 
Rapidly tlie settlement and I'illage of 
Asino, as well as the settlement of Jaja 
were invaded. 

Tlie morbidity rate in Asino was 
1.8%. Among the 1840 persons living 
in the settlement of Asino 33 contract- 
ed tularemia during these 2 summer 
montlis. The highest incidence of 
tularemia occurred, however, in the 
neighboring settlement of Jaja, where, 
out of 460 persons, 52 (11.3%) devel- 
oped this disease wthin 50 days ( from 
July 10, 1941 to August 30, 1941). 
Tliere is no record in medical liter- 
ature of tularemia in which the morbid- 
ity rate was as high as this one. 

According to the epidemiologic in- 
vestigations of the Public Health Auth- 
orities of the Novosibirsk Province, 
(Karpov*”) and information obtained 
from the entomologist of Tomsk Uni- 
versity, the main source of tularemia 


in this area is always the water-rat 
{Aroicola amphibius) . The water-rats 
leave their holes after floods, which in 
Siberia occur in May and June, and 
take refuge in the brushwood along 
the shores of the river. In 1941 an un- 
usual number of dead water-rats were 
found on the shores of tlie Czulym 
ri\%r and adjacent stagnant waters. 
This could indicate an epizootic among 
these rodents in tlie summer of 1941. 

Although most cases of tularemia in 
Soviet Russia are reported in connec- 
tion with rat-hunting or working with 
rat-pelts, this direct mode of infec- 
tion could not be accepted for our 
cases. All of our tularemic patients 
were asked about direct contact witli 
rodents and all of them flatty denied 
any direct contact with water-rats, 
squirrels, rabbits or hares. Meadow- 
mice did not play any role in the Asino 
epidemic of tularemia. Usually, in such 
cases the stack of grain is infected by 
tularemic mice, and the tularemia 
bacilli are transmitted to man by inha- 
lation of infected grain dust during 
thrashing, or by ingestion of bread 
made of infected grain. This indirect 
method of transmission occurs only in 
fall and winter^ so that it does not 
appty to our cases. Moreover, the clin- 
ical features of our cases indicate an- 
other portal of entry for tlie infecfa’on. 

Tularemia may also be transmitted 
to man in an indirect way. An insect 
acting as a vector bites infected rats 
and subsequently man. This method 
of infection is accepted in the United 
States and in Russia for occasional 
cases of tularemia. However, neither 
in the United States nor in Soviet Rus- 
sia has there been published a report 
of an epidemic outbreak of this kind. 
The only report similar to this was 
made by Olin*”’*" in Sweden. He 
described an outbreak of tularemia 
among 115 peasants walking barefoot 
and bitten by mosquitoes in Gaevle- 
borg district in 1937. 
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In our epidemic tlie following facts 
indicate that tularemia was transmitted 
to man not directly from rodents, but 
by insects acting as vectors, (1) None 
of our patients had any direct contact 
witli rodents. (2) One hundred fifteen 
cases out of 121 developed the ulcero- 
glandular form of tularemia. The pri- 
mary focus in 66.9% of the cases was 
situated on the lower part of tlie leg 
or on the foot. Tliis excludes the direct 
way of infection from the rodents, in 
which case the hands are usually in- 
fected first. (3) Tlie portal of entr}^ 
of B. tularense was uncovei-ed at the 
time of the infection. This was true 
of the cases in which die primary focus 
was located on the face, neck, hands, 
arms, legs and feet. The adults work- 
ed in the fields and meadows making 
hay or in saw-mills widi dieir arms and 
legs uncovered and often barefooted; 
the children walked to die village 
school without shoes. (4) The peak of 
the epidemic corresponded to the peak 
of the development of small insects in 
die Czulym area (the end of July and 
August). (5) All the patients admitted 
frequent bites of small insects a few 
days before the outbreak of the disease. 

These facts suggest diat insects act- 
ed as vectors in diis epidemic. It must 
be conceded, however, that no definite 
opinion has been established concern- 
ing the type of the insect responsible. 
The entomologist of Tomsk caught 
many types of insects encountered in 
the area of the epidemic and examined 
them for the presence of B. lulareme. 
Due to 111 }’^ unexpected departure from 
the place of deportation in September, 
1941, 1 was unable to obtain die results 
of these examinations. However, since 
the examinations were made \'er)' late 
in the epidemic they would not have 
been very reliable. 

The \'ector of this epidemic probablv 
would not be found among the group 
of biting flies like Chrysops or Stomoxis, 
or among the deks; the search for it 


should be made among the small 
insects, like mosquitoes, midges or 
Simulia. 

The following evidence suggests this 
conclusion: (1) None of die patients 
recalled having been bitten by a fly; 
the bite of Chrysops or St07noxis is 
painful and cannot be overlooked, (2) 
Most of the patients did not notice die 
primary focus until dieir attention was 
called to it, (3) No ticks were seen by 
the patients, and such ticks are found 
only in woods or on live-stock in Si- 
beria. When present, the ticks in Sibe- 
ria (mostly Ixodes parsulcatus) bite in 
May or June, but not in August, as ex- 
emplified by the early estival Siberian 
type of tick-encephalitis. (4) Most of 
the patients were bitten by mosquitoes 
while making hay or weeding potatoes. 
(5) Almost all the patients stressed 
abundance of mosquitoes and midges 
at their place of work. ( 6 ) 
Among 32 children below the age of 
15 years, who habitually walked \ridi 
uncovered legs and barefooted, 30 
(93.7%) were bitten on the foot or low- 
er part of the leg, and only 2 (6.3%) 
on the face or hand. On the other hand, 
of the 83 cases of ulcero-glandular form 
of tularemia in adults 51 (61.4%) were 
bitten on the legs or feet, and 32 
(38.6%) on the face, neck, hands or 
arms. The adults did not have dieir 
legs and feet regularly uncovered. This 
shows that insects responsible for 
transmission of tularemia bit first on 
the uncovered lower part of the legs. 
They bit the face, neck, hands, and 
arms only if legs were covered. This is 
typical for the mosquitoes. (7) The ex- 
periments of Philip, Da%'is and Park- 
er=*> pro\ ed that die Bacillus tularense 
could be transmitted by mosquitoes 
(Aedes vexans, Acdcs stimulans, Aedes 
canadensis, Acdcs acgypfi, Thcohaldia 
incidens) and diat it could live in mos- 
quitoes for several weeks. Moreover 
Oifj^is.io (suspecting mosquitoes as 
vectors of tularemia in his epidemic 
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outbreak in Sweden) was able to prove 
the presence of B. tularense in Aedes 
cinereus, by the inoculation of an emul- 
sion of these mosquitoes into guinea 

pig- 

The possibility of transmission of 
tularemia also by midges (Chiron- 
imidae) or Simulia should be kept in 
mind because of the large swarms of 
these insects were present in the work- 
ing places. Since these insects ordi- 
narily bite higher (face, neck or arms), 
mosquitoes are the vectors of this epi- 
demic deserving serious consideration. 

Serologic and Immimologic Tests. 
Out of the 121 cases of tularemia, 114 
were proven by serologic or allergic 
tests, or by both. A positive tularemic 
agglutination test in a titer higher 
than 1:100 was obtained in 79 cases; a 
positive allergic intracutaneous test 


was noted in 8 cases in which aggluti- 
nation was negative or was not done. In 
27 otlier cases positive agglutination 
test and positive intradermal allergic 
test were obtained. 

A positive agglutination test wnth 
tularemic antigen was found in 106 
cases. In 92 the test was performed by 
a classical method, using the tularemic 
antigen supplied by the Tomsk Univer- 
sity (suspension of B. tularense killed 
with formalin, containing 1 billion 
of B. tularense per cc. ). Dilutions of 
1:50, 1:100, 1:200, 1:400, and at times 
1:800 were used. Positive reaction in 
a minimal titer of 1:100 was accepted 
as evidence of tularemia. Among 92 
cases which gave a positive aggluti- 
nation reaction, in 17 the titer was 
1:100, in 9, 1:200, and in 66 cases, 
1:400 or 1:800. 


Table 1 


Time of occurrence of positive agglutination and allergic tests in some cases of tularemia 
observed during the epidemic in Asino. 


Case Agglutination reaction Intracutaneous allergic 

No. in serum for tularemia reaction for tularemia 



Day of 

Result of 

Day of 

Result of 


i 1 Iness 

the test 

illness 

the test 

1 

10 

nega t ive 

11 

pos i t ive 


20 

positive in 
a titer 1:200 



13 

10 

negat ive 

10 

pos it ive 


16 

pos i t ive in 
a titer 1:400 



31 

13 

negot ive 

12 

pos it ive 


20 

negat ive 




26 

positive in 
a titer 1:400 



35 

17 

ne ga t i ve 




25 

pos i t ive in 
n titer 1:400 



4S 

13 

negat ive 

9 

pos it ive 


- 21 

pos i t ive in 




fi titer 1:400 
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In most of our cases, corresponding 
to die observations of others, the ag- 
glutination test became positive only 
in the third week, and gradually in- 
creased in titer diereafter. The incidence 
of the positive agglutination test in the 
second week was only 47% (9 tests out 
of 19); and in the third week, 96.5% 
(83 tests out of 86). Typical findings, 
which illustrate the late positive agglu- 


tination reaction are listed in Table 1. 

In addition to the 92 positiv'e ag- 
glutination reactions, which were ob- 
tained by die classical method, in 14 
other cases the simplified rapid micro- 
mediod of Minkiewicz was used. 

One drop of blood is hemolysed on tlie 
slide by the addition of a drop of distilled 
water. Two drops of tularemic antigen con- 
taining 10 billion bacilli in 1 cc. are added 


Tabic 2 

Classification of clinical forms of tularemia which were observed during the epidemic outbreak 
in settlements Asino and Jaja. 


Clinical forms of tularemia 

Numbe r 

of cases 

Percentage 

1. Oculo-glandular form 


2 

1.7 

n. Anginal (tonsillar) form 


3 

2.5 

III. Typhoid form 


1 

0.8 

IV. Ulccro-glnndulnr form 


ns 

95.0 

a. Primary focus located on the 
lower extremity. Swelling of 
the inguinal and femoral lymph- 
g lands . 

81 


66.9 

b. Primary focus located on the 
upper extremity. Swelling of 
the axillary and cpitrochlear 
lymphg lands . 

18 


14.9 

c Primary focus located on the 
face or neck. Swelling of the 
cervical, submax i 1 lary, supra- 
clavicular or infraclaviculnr 
lymphg lands . 

16 


13.2 

Total 


121 

100.0 



Fta. 1. Oculo-f:l.-.nclul..r fom, of tularemia. F.c. 2. Anginal (tonsillar) form of tul.aremia. 
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and mixed thoroughly. Controls are made si- 
multaneously with the same blood added with 
physiological salt solution, with paratyphoid, 
typhoid, and brucella antigen. Fine-grained or 
coarse-grained agglutination in absence of the 
agglutination with control solutions occurring 
1 minute after the addition of the tularemic 
antigen is accepted as evidence of positive or 
strongly positive reaction. 

The test of Minkiewicz in the third 
week of the disease gave 100% of posi- 
tive results. 

Intradermal allergic tests with 0.1 cc. 
of tularin were made in 43 clinically 
evident cases of tularemia. Tlie tularin 
which was used consisted of tularemia 
bacilli killed by heating at 70 °C and 
suspended in physiological salt solution;, 
the tularin was added with 3% glycerin, 
and contained 10 million of B. tiilarense 
in 0.1 cc. 

Positive reactions were obtained in 
35 out of 43 examined cases. In the 
third week of tularemia or later, the re- 
action was found positive as frequently 
as the agglutination reaction (12 posi- 
tive tests out of 13). Tlie advantage 
of the allergic intracutaneous test over 
the agglutination reaction was that it 
often detected the disease even in its 
earliest period. Out of 35 tests which 
were performed in the first 2 weeks, 
a positive response was obtained in 23, 
or in two tliirds of the cases. Out of 
tliese 23 positive tests, in 15 the posi- 
tive reaction was obtained at the end of 
the first week of the disease. 

Classification and SjTnptomatology. 
.-Ml forms of tularemia, which are listed 
in the classification of Francis, were 
found in our epidemic. The classifica- 
tion of these 121 cases is tabulated in 
Table 2. Tlie data listed in this Table 
show that the most common form of 
our epidemic of tularemia was the 
iilccro-glandular one, which was repre- 
sented by 95% of cases. Tlie remaining 
cases (5%) were composed of the 
nculo-glandular. the tonsillar and the 
typhoid forms of tularemia. 


OCULO-GLANDULAR, ANGINOUS ( TON- 
SILLAR) AND TYPHOID FORMS OF TULA- 
REMIA: The clinical picture of these 
forms was typical in our cases and did 
not show any unusual features. 

The oculo-glanduhir form of tula- 
remia was observed in 2 cases (Fig. 1). 
In these cases the primary focus was 
situated typically on the lower pal- 
pebral conjunctiva. Edema of the pal- 
pebral conjunctiva, chemosis, injection 
with subsequent ulceration, and sup- 
puration of conjunctiv^a were associated 
with lacrimation and pain in the eye. 
The preauricular, submaxillar)' and 
cervical lymph glands were swollen. 
'Hie patients had moderate fever last- 
ing for 7 to 10 days, followed by sev- 
eral weeks of low grade elevation of 
temperature. There were no signs of 
the involvement of central nervous 
system. The course of tlie disease was 
benign, and complete recover)' occurred 
after several weeks. The intracutaneous 
allergic reaction and the agglutination 
test in serum were strongly positive. 

The aiiginous {tonsillar) form of tula- 
remia was observed in 3 cases (2 boys 
of 14 and 16 years of age and 1 woman 
57 years of age ) . This form of tularemia 
is well known in Soviet Russia and is 
due to the drinking of water from col- 
lections of standing water or wells in- 
fected by water-rats or mice. All 3 
patients admitted drinking such water 
when making hay. 

All patients showed a typical primary 
focus in form of an ulceration on the 
tonsils with subsequent necrotic or 
diphtheritic ulcer. Tlie latter had a very 
protracted course with very slow 
healing, accompanied by a character- 
istic enlargement of the regional sub- 
maxillary and cervical lymph glands, 
which were very' painful at the outset. 

A typical remittent fever, lasting for 
about 2 weeks, was followed by a low- 
grade elevation of temperature of long 
duration. Tlie intracutaneous and the 
agglutination tests were strongly posi- 
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ingo-encephalitis. These rare observa- 
tions are being reported in a separate 
paper". The signs of the meningism or 
serous meningitis were usually tran- 
sient, so that only one fatality was ob- 
served among these cases. 

h. The primary focus was in each 
case of the ulcero-glandular type of 
tularemia in the form of a t^ical 
papule, later pustule, surrounded by 
an area of infiltration. Later a small 
oozing ulceration remained, which, in 
the absence of secondary infection, grad- 
ually dried and became covered with a 
scab. The surrounding infiltration in 
half of the cases disappeared after 1 to 
2 weeks. In another half of tlie cases 
it lasted 2, 3 and 4 weeks before it 
underwent resolution. Regional lymph- 
angitis was not seen among our cases. 
In 3 of the cases secondary small pus- 
tules developed around tlie primary foci 
and disappeared after a few days. 

Tlie location of the primar}' focus 
in the 115 cases of ulcero-glandular 
type of tularemia is given in Table 3. 

Tlie location of the primary focus in 
this epidemic is atypical and is not 
found in such e.xtent in any other publi- 
cation about tularemia, except in 


Olin’s^' cases. Nor in Soviet Russia has 
tliis type of epidemic been reported 
previously. This is evident, if one com- 
pares tile location of the primarj' focus 
in our cases and in those reported by 
Russian authors (Table 4). 

Figure 3 shows the primary focus on 
the neck, and a regional lymphaden- 
opathy. Figure 4 shows a typical pri- 
mary focus in form of a pustule on the 
lower part of the leg. 

c. General constitutional symptoms, 
as described in the classical accounts of 
Francis'^ and his followers, were found 
in all early hospitalized cases of the 
ulcero-glandular form of tularemia. 
Tliese were: acute onset of the disease 
with chills, prostration, toxic symptoms, 
severe headache and high fever. 

The fever was remittent in a typical 
way. 40% of the cases had high fever 
type: 4 to 10 days of high fever up to 
40° C, followed by several weeks of 
low-grade elevation of temperature. 
Another 40% of the cases had moder- 
ate fever: 3 to 7 days of fever up to 
38 to 39°C, followed by 1 to 3 weeks 
of low-grade elevation of temperature. 
Tlie remaining 20% of cases had 
recrudescent fever; 3 to 7 days of fever 


Tabic 4 


Frequency of the involvement of the lo»'er extremity in the ulcero-glandular form of tularemia 
in Soviet Russia (according t o Pokr owskn jaz i ) os compared with the epidemic in Asino and Joja. 


Aut hor 

Place 
of the 
epidenic 

Tota 1 Number 
of cases of 
ulcero-glandular 
formof tularemia 

Number and percentage o: 
cases showing the pr imar; 
focus on the lower 
extremity. 

Number Percentage 

L.W, Chatenewer 

G I n t na 

164 

7 4.3 

L.M." Chatenewer 

River Bialka 

40 

2 5.0 

U.A. Colov 

Urol 

102 

15 14.7 

C. J . S ina i 

Ka z a c hs t a n 

32 

4 12.5 



Tot a 1 

338 

28 

7.2 

C.n. Jrrry Glmt 

Ai ino orv-l Ja ja , 

121 

81 

66.9 
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up to 38 to 39°C, followed after a short 
period of low-grade elevation of tem- 
perature and another recrudescence of 
fever up to 38 to 40°C, usually occur- 
ring on the 10th to 14th day of the dis- 
ease. This recrudescence lasted for 2 
to 6 days and was followed by another 
period of low-grade elevation of 
temperature. 

No relation was found between tlie 
site of the primary focus and the type 
of fever. In most cases of tularemia 
involving the cenb’al nervous s)'stem 
usually high fever type was present. 

d. Regional lymphadenitis was found 
in all 115 cases of the ulcero-glandular 
form of tularemia. The location of the 
lymphadenitis was listed in Table 2, 
which shows its distribution according 
to the anatomical features of the lym- 
phatic drainage. The lymph glands 
were very painful at the beginning, but 
gradually underwent regression, in 3 
to 6 weeks. In many instances tlie en- 
largement of lymph glands persisted 
for several months. Fig. 5 shou's a t)fp- 


ical picture of the enlargement of fem- 
oral lymph glands, which was found 
in two diirds of our cases. 

Only in 9 out of 58 hospitalized tula- 
remic cases did su^jpuration of the 
lymph glands necessitate surgical in- 
tervention (incision and drainage). 
e. Blood picture. Red blood cells and 
hemoglobin showed in general no char- 
acterisUc changes, although a slight 
microcytic hypochromic anemia was 
noted in many of the prolonged cases. 

The white blood cell count at the 
beginning of the disease was almost 
constantly normal. In 29 of 35 cases, 
which were examined in the first week 
of the disease, the white blood cell 
count ranged between 3000 and 6000 
cells per cmm. This was the normal 
range of white blood cell count in the 
population of settlements and adjacent 
villages of Siberia at that time, due 
probably to nutritional deficiency and 
malnutrition. The white blood cell 
count was increased above 7000 in only 
7 cases, so that the a\’erage value of 
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white blood cells in the first week of 
tularemia was 5600 per cmm. (average 
value of 36 cases). 

Leukocytosis, which was described 
as a characteristic feature of tularemia, 
was found in our cases only in the 2nd 
or 3rd week of the disease, or later. In 
11 out of 17 cases, examined at this 
time, leukocytosis was found, with 
values between 7000 and 28000 per 
cmm. The average of 17 cases was 
10200 per cmm. 

The differential count of white blood 
cells in our cases showed the following 
deviations of the normal: (1) Absence 
of eosinophils; this was found in the 
1st week of the disease in 28 out of 35 
(80%) and in the 2nd and 3rd weeks 
in 60% of cases. ( 2 ) Shift to the left; an 
increase in amount of immature cells 
above 5% was found in the 1st week 
of the disease in 32 out of 35 (91%), 
witlr an average value of 12%. In the 


2nd or 3rd weeks of the disease the 
shift to the left was found in 14 out of 
17 (80%), with an average value of 
immature of 7%. (3) Monocytosis; 

this was found in approximately half 
of our cases (in 18 of 35), with an 
average value of monocytes of 8% in 
the 1st week of tlie disease. (4) 
Lymphocytosis; this was found very 
often. In some cases it seemed to de- 
pend on the youth of the patient. On 
the other hand lymphocytosis was ob- 
served also in 12 adults. 

f. Sedimentation rate was examined in 
39 cases of tularemia. The micro- 
method of Panchenko was used. In the 
1st week the sedimentation was accel- 
erated in all 20 examined cases. Values 
between 13 and 44 mm. in the 1st hour 
were found, with an average of 25 mm. 
(normal values for this method range 
between 2 and 8 mm.). In tire 2nd, 
3rd, and 4th weeks of the disease the 
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sedimentation rate was increased in 16 
out of 19 cases, witli values between 
14 and 62 mm, averaging 28 mm. after 
the 1st hour. The highest values of 
sedimentation were found in cases of 
tularemia complicated by suppuration 
of regional lymph glands. 

g. Complications. The strain of Bacillus 
tularense which was tlie cause of this 
epidemic showed definite neurotropic 
affinity. This is suggested by the fre- 
quent involvement of the central 
nervous system and by the almost com- 
plete absence of any other compli- 
cations. None of the 121 cases showed 
pulmonaiy involvement. Cutaneous 
complications consisted only in a multi- 
form erythema observed in 1 case and 
in a transient maculo-papulous ex- 
anthem observed in 2 other cases dur- 
ing the 3rd and 4th weeks of the dis- 
ease. Tlie renal involvement was seen 
in only one case, in which a pre\aous 
glomemlo-nephritis was aggravated 
under tlie influence of the tularemia 
and resulted in uremia and death. 

Treatment: Immune serum was not 
available for the treatment of tliese 
cases. Streptom)^cin was not yet known 
at that time (1941). Only symptomat- 
ic care could be offered. In spite of 
this inadequate regimen, 119 out of 121 
cases recovered after a more or less 
prolonged course lasting up to several 
months. 

The moiialiiy rate was very low (1.7%) 
and corresponds to the rate obsen^ed 
in Soviet Russia. Only 2 fatalities oc- 
curred in 121 cases: one due to the ex- 
acerbation of a previous glomerulo- 
nephritis. resulting in uremia, another 
due to severe meningo-encephalitis. 

Summar}-. One hundred and twenty- 
one cases of tularemia resulting in 2 


deatlis were observed during a short 
epidemic outbreak in settlements of 
deportation Asino and Jaja, Novosibirsk 
Province, Siberia, Soviet Russia, during 
the Summer of 1941. One hundred and 
fourteen cases were confirmed by ser- 
ologic and, or, intracutaneous allergic 
tests, and 115 out of 121 belonged to 
the ulcero-glandular form of this dis- 
ease. 

Since no direct contact of infected 
persons witli rodents could be traced 
and tlie primary tularemic focus was 
located in two-thirds of all cases on the 
leg or on the foot, the epidemic must 
have been transmitted by insects, prob- 
ably mosquitoes. The source of in- 
fection was the water-rats populating 
the shores of the Czulym river at the 
time of infection. 

The morbidity rate was tremendous 
in tlie settlement of Jaja, where 52 
cases out of the entire population of 
460 contracted tularemia, a morbidity 
rate of 11.3%. In the otlier settlement 
of Asino the morbidity rate was smaller, 
and averaged only 1.8% (33 cases of 
tularemia out of the population of 
1840). 

Another striking feature of this epi- 
demic was an early and transient in- 
volvement of tlie central nervous 
system, consisting of signs of men- 
ingism, serous meningitis and at times 
meningo-encephalitis. Almost half of 
the early hospitalized cases of tula- 
remia (28 out of 58) showed an un- 
usual characteristic tetrad: (1) men- 
ingism or serous meningitis, (2) high 
fever, (3) primary tularemic focus in 
form of a small papule or pustule on 
the leg or foot, and (4) regional 
femoral or inguinal l)TT!ph gland 
swelling. 
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The treatment of chronic non-specific 
ulcerative colitis is as poorly defined as 
is its etiology. Each theory as to its 
cause has led to a corresponding form 
of therapy. In turn, the good results 
tliat have followed each therapeutic 
procedure, irrespective of the other 
measures employed, have been inter- 
preted as support for a particular caus- 
ation. That accounts for the vaxy- 
ing emphasis, both in etiology and 
treatment, on infectious, allergic, 
metabolic and psychogenic factors. In 
the more severe cases, however, witli- 
out reference to tlie cause and largely 
because of its frequent good immediate 
I'esults, ileostomy is commonly advo- 
cated. 

None of tliese therapeutic proced- 
ures, however, or any combination of 
diem often brings about a permanent 
cure. The relief that follows, no matter 
how complete, is usually of a temporar)' 
nature. In a review of the recent liter- 
ature, covering 3639 medically treated 
cases followed from 1 to 10 years, 
including 148 of our own, only S% ob- 
tained relief for an extended period, 
while 46% were admittedly unimprov- 
ed and 5% died without operation 
(Chart 1). The remaining 41% .show- 
ed some signs of improvement, but 
most of them remained more or less 
incapacitated and often developed a 
recurrence of acti\'ity. Of the unim- 
proved cases 638 had an ileostomy. 


Thirty-four per cent of these died, 
often no doubt because of delay in re- 
sorting to surger)', and another 32.% 
secured no significant relief. Of 184 
finally subjected to a colectomy and 
followed, 27% died, while 54% may be 
regarded as cured; of the remaining 
19%, improved or unimproved, it is 
probable that many had only a partial 
colectomy. 

Were it not for the ileostomy stoma, 
with which the colectomized patients 
are left and which in most instances is 
permanent, this operation would seem 
to be an ideal therapeutic procedure. 
Furtliermore, if done earlier in the 
course of the disease, before tlie gen- 
eral condition of the patient is mark- 
edly impaired, tlie mortalit)' from this 
operation probably would be trivial. 
At present, however, colectomy neces- 
sarily is reserved * for tlie otherwise 
hopeless cases. Even so, both CattelP 
and Ca\'e^ have reported on ten year 
experiences witli only a 10% mortalit)’. 

Preliminar)' to ever}' colectomy, how- 
ever, an ileostomy is necessar}'. The 
mortalit}' from this procedure is high- 
er because most clinicians agree to it 
only when the patient’s condition is at 
its worst: when, in spite of temporal}' 
supportive measures, he is emaciated, 
chemically disorganized, more or less 
anemic and highly to.xic. In the t%vo- 
thirds that nevertlieless survive the ile- 
ostomy, the condition of the patient 
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usually improves: his appetite returns, 
the chemical disturbances are correct- 
ed, the diarrhea subsides, the ulcers 
heal and he gains weight. Although 
the improvement may not be perma- 
nent, due in many instances to compli- 
cations and in others apparently to the 
natural course of the disease, one won- 
ders by what means die ileostomy so 
often brings about a subsidence of the 


cases reported a year ago, to secure re- 
sults comparable to those obtained by 
surgical ileostomy. It seems probable, 
therefore, that at least one of the fac- 
tors in die beneficial effects of a surgical 
ileostomy lies in widiholding from the 
colon the small intestinal contents. 
This does not imply that the small 
bowel contents are abnormal, tiiough 
diey may be; only diat, under the con- 



Fig. 1. — Rc5iiU? from (berapy in chronic ulcerative colitis patients, 


immediate disturbances. 

With the idea of determining wheth- 
er or not the relief is due merely to 
the diversion of the intestinal current, 
Machella'' tried out a less hazardous 
procedure, a so-called “medical ile- 
ostomy”: intubating the intestine to a 
point just shojt of the disease process 
and withdrawing by constant suction 
the residual material. By such a tech- 
nicjiie. combined with a high protein 
and high calory diet but uncomplicated 
by the use of antibiotics or other med- 
ic:iments. he was able, in a series of 12 


ditions of the disease, they are dis- 
turbing to the colon. 

A careful study of small intestinal 
functions and its contents in patients 
with ulcerative colitis has not been 
made, but data are available to indicate 
an impairment in the absorption of pro- 
tein products (Zetzel, Banks and 
Sagall”; Elsom, Dickey and Chor- 
nock'; Benson, Brown and Seldon”). 
Also in some instances we, as svell as 
others, have found, on roentgenological 
investigation, an intestinal hypermotih 
ity. Furthermore, although wc did 
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not appreciate its significance at tlie 
time and few actual measurements 
were made, we noted repeatedly that 
for the first few days after introducing 
an ileal tube a large amount of con- 
tents was aspirated, whereas later, 
when the patient’s condition had im- 
proved, the amount was markedly re- 
duced. Thus not only is tire absorp- 
tion of food material impaired in active 
ulcerative colitis, but the small bowel 
contents enter the cecum in excessive 
quantity. 

Under normal conditions an increas- 
ed ejection of intestinal contents into 
the cecum follows the ingestion of 
food and this is regarded as a factor 
in initiating mass movements in the 
colon. We may assume, therefore, 
that the excessive amount ejected in 
ulcerative colitis causes an increased 
irritability and contractility of the 
colon in that disease. Thus it would 
seem that we have a rational basis for 
the diversion of small intestinal con- 
tents from the colon, our first principle 
in the treatment of ulcerative colitis. 
At any rate we ha\'e an empirical basis, 
in that after both surgical and medical 
ileostomy the condition of the patient 
improves. 

The second principle that we wish to 
emphasize, and a more important one, 
is the employment of a nutritionally 
adequate and easily absorbable dietary. 
In our experience to date this has con- 
sisted in the main of an enzymatic pro- 
tein hvdrolvsate and dextrimallose 
mixture® with added \itamins. This 
jireparation was chosen because the 
amino acids, like the sugar, require no 
digestion and arc readily absorbed; 
because quantities in excess of ordi- 
nar)- requirements are easily admin- 
istered. and because, since it is a thin 
solution, such residue as reaches the 
terminal ileum is readily withdrawn. 
In spile of some lo.ss ol the mixture in- 
cident to its rapid transit through the 


bowel and its consequent aspiration 
during the first few days, the amount 
absorbed steadily increases and soon 
the residue contains no sugar or amino 
acids. Thus ver)^ quickly, as also is 
indicated b)^ the improved nutrition 
and morale of the patient, the body’s 
needs are met or e.xceeded. As furtiier 
evidence of this in our series, the appe- 
tite returned, fever, when present, sub- 
sided, demonstrable ulcers healed, 
diarrhea lessened and the weight stead- 
ily increased. After 1 to 2 weeks it 
frequently was possible to add otlier 
food substances and remove the tube. 

In view of tlie results from this pro- 
gram of rest to the colon and an elec- 
tive diet, we have been encouraged 
during the past year to try out a series 
of 12 moderately severe, some quite 
severe, cases on such a dietary regi- 
men alone". In 24 cases, 12 witlr and 
12 without the tube, all observed with- 
in a 2-year period, we have secured 
satisfactory temporary results in all 
but 2: one of these, obviously allergic, 
showed some improvement but re- 
lapsed as soon as other foods were 
added; the other was not cooperative, 
and died. Four others have had mild 
relapses, all on an emotional basis, but 
quickly recovered; all are now gain- 
fully employed. Thus it seems pos- 
sible that the really essential thera- 
peutie procedure for the immediate 
control of an attack, is that of securing 
the absorption of a high protein, high 
calory diet. In the more severe cases, 
however, because of the excessive irri- 
tation of the colon, this may be impos- 
sible unless for a time the colon is put 
at rest by one of the ileostomy pro- 
cedures. 

In spite of our emphasis on these 
2 principles in management we do not 
wish to be understood to disregard pro- 
cedures designed to combat emotion- 
al and infectious factors, or to over- 
look. in the presence of clear indica- 
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tions, tlie ordinary measures for the 
control of anemia, allergic manifesta- 
tions and blood electrolyte depletion. 

The significance of emotional factors 
in the development of ulcerative colitis 
and its relapses is now weU established. 
All obsers'ant clinicians are aware of 
this. Two thirds of Sullivan’s" cases 
and one half of our total series of 157 
showed some evidence of an unstable 
personality or of emotional crises pre- 
ceding tlie onset of the disease. Almy 
and Tulin’s^ as well as White and 
Jones’® observations of the lower bowel 
tlirough the sigmoidoscope indicate 
that the large intestine contracts 
when the subject is under emotional 
stress. This may be a purely reflex 
neiA'ous phenomenon or it may be the 
result of an increase in the amount of 
small intestinal material injected into 
the cecum, such as is known to occur 
from excitement as it does after the 
ingestion of food. 

At any rate coincident therapy 
directed tow'ard the prevention, control 
and elimination of emotional factors is 
clearly indicated in all cases. This we 
have included in the management of 
all our patients, often seeking the help 
of the psychiatrists. Its share in the 
favorable results obtained is difficult to 
determine, but we suspect that it has 
been of great assistance and that it 
accounts to some extent for the good 
results reported after various otlier 
h'pes of therapy. 

Likewise infection undoubtedly is an 
important factor in the total picture 
of non-.spccific ulcerative colitis. It is 
inconceivable that this should not be 
so, since the feces consists in large 
part of microorganisms and the muco- 
sal surface of the colon is not intact. 
Infection surely accounts for certain 
feattires of the disease, cspeciallv 
some of its complications, but it has 
not been demonstrated that any par- 
ticular organism is the prirnan,’ etiologic 
agent. In any event, when the patient 


is febrile or shows otlier systemic signs 
of infection, the antibiotics and chemo- 
therapeutic agents are indicated. Fur- 
tliermore, since their administration 
orally and per rectum has seemed 
eflFective in tlie hands of some clin- 
icians, we venture the suggestion that 
their action might be enhanced if they 
were administered through a tube di- 
rectly into the lower ileum or cecum, 
tlius reaching the affected area in 
more concentrated form. Their general 
effect, in our e-xperience, however, has 
not radically altered the primary bowel 
lesion, and witliout them, in tlie un- 
complicated cases, we have secured 
equally satisfactory results. 

Summary and Conclusions, Thus 
we have presented briefly certain so- 
called principles, especially rest to tlie 
colon and superalimentaHon, for the 
treatment of chronic non-specific ulcer- 
ative colitis. In advocating intubation 
as a means of bringing about colon 
rest, we fully appreciate its difficulties, 
its strain on the subject and the time, 
skill and patience required of the phy- 
sician, but at least its limited employ- 
ment in our hands has seemed to dem- 
onstrate one of the factors that tends 
to prolong and aggravate the disease. 
Fortunately, as a practical procedure, 
it is not usually required if a fully ade- 
quate and easily absorbable diet is ad- 
ministered. Such a dietary regimen is 
not original with us, but our e.xperience 
has sensed to emphasize its ma,ximal 
importance and its practicality. At the 
same time we have approved the em- 
ployment of all measures calculated to 
allay or remove emotional disturbances, 
to control infection and to overcome 
anemia, allergic reactions and abnor- 
malities in the chemical constituents of 
the blood. 

Until its specific etiology is estab- 
lished, be that a bacterium, a vims, 
some metabolic fault or some other 
factor, a cure for chronic non-specific 
ulcerative colitis, aside from colectom)', 
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seems improbable. Otherwise the most 
that can ])e hoped for is relief of the 
immediate attack. If this can be ob- 
tained by measures other than surgical 


'ileostomy, fewer patients will die and 
fewer of those who survive will be 
burdened permanently with an ile- 
ostomy stoma. 
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Due to a slow rate of penetration, 
the heat furnished by most clinical 
methods of heat therapy is relatively 
ineffective in raising deep tissue tem- 
peratures. Short wave diatliermy, tlie 
only available procedure for deep and 
rapid heating, also induces generalized 
effects and is, therefore, not easily 
adapted to the heating of localized 
masses of tissues. Since deep heating is 
only successfully accomplished through 
the medium of high frequency elec- 
trical energ}’, numerous attempts have 
been made to apply for tlierapeutic 
puqioses the very high frequencies near 
the infra red region of the spectrum. 
I lemmingway and Strenstom'"' have dis- 
cussed the possibility that deep and 
local heating could be accomplished 
by utilizing tlie optical properties of 
these short wave lengths. Kmsen ct al."' 
have described a commercial instru- 
ment and analyzed the physical proper- 
ties of the electrical energ)' iiroduced in 
radar systems. The results of their dog 
experiments indicate that these waves 
would provide a useful clinical tool. 
In this respect several investigators^-'-^ 
have reported results which .suggested 
that no deleterious effects are induced 
in personnel exposed to radar radia- 
tion. 

McIIumU. .All !) Mil)j"cLs v<rc licaltliv, 
ii'.di^ idmK. Tv.o ni.ilrs wt-ri- in flu.ir 


twenties, another 2 in their thirties, and the 
remaining 2 in their sixties. Of the females, 2 
were in their twenties and the third in her for- 
ties. 

The experimental procedure briefly was as 
follows: Each subject rested quietly for about 
1 hour in a room with a temperature of ap- 
proximately 23° C. Control obserx'ations were 
made during the succeeding 15 minutes and 
then tliermocouples were removed from the 
tliigh area to be treated. Immediately after a 
15 or 30 minute period of exposure in the 
radiation field of a mierowave generator (the 
magnetron tube oscillated at a frequency of 
2450 megacycles per second— wave length 12.2 
cm.), the thermocouples were replaced and 
the cooling of the tissues obseived for peri- 
ods of 30 to 130 minutes. The thermocouples 
were of coppcr-constantan and a type K, 
Leeds & Northrup potentiometer was used to 
measure the cmf developed. Five surface 
thermocouples were placed on the area 
treated and 4 additional couples were 
pl.accd at lower levels of the same leg and at 
corresponding points of the other leg. In a 
number of experiments additional ihcnno- 
couples were distributed over the body, par- 
ticularly on fingers and toes. To measure 
deep and superficial tissue temperature, hypo- 
dermic needles were inserted in the thigh, 
thermocouples threaded througli them and 
the needles withdrawn, leaving the couples 
in place. Calibrated clinical thermometers 
were used to obtain rectal temperatures. 

MitTowave energy was directed by a 4-incli 
hemisphere (A), a fi-ineh hemisphere (B), 
or a -1-ineh corner or angle director (C) 
placed at a distance of .5 cm. from the thigh 
surface. Power outputs were 2.5, .50 or 30 
w.itfs; of the 17 experiments employini; the 
0-inch director, .3 were with 2-5 watts, 1 1 


• ^3 3 C^rar.? fur Infantile 

•• V.r^.r^rT.* •• . :r; rKNiuval M'-tlicinr, Ilmpital tif University of Frnni> Ivarna. 
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with 50 watts and 3 with 80 watts. The 
remaining 6 experiments were equally divided 
among A and C directors at 50 watts. The 
preponderance of 50 watt exposures was re- 
lated to employment of this dosage in cur- 
rent clinical trials of the efficacy of this 
mode of therapy. 

Results. . The temperature g r a d i - 
ent from the surface of the thigh to 
a depth of 56 mm. is presented in Table 
1. The consistent break in the temper- 
ature gradient at botii 3 and 30 mm. 
was indicative of the presence of fas- 
cial planes at these levels. From 30 
to 56 mm. the temperature appears to 


though a normal gradient pattern was 
observed from these depths to the skin, 
it was at a much higher absolute tem- 
perature. The heat content of the outer- 
most 25 mm. of tissue was still high and 
heat losses were occurring from this 
mass. 

The maximum temperatures observed 
at 3 depths of the thigh, surface (0 
mm.), subcutaneous (4-15 mm.), and 
muscle (over 30 mm.) following the 
heating of the tissue, are shown in 
Table 2. Due to the properties of micro 
wave radiation it is impossible to meas- 
ure temperature changes during the 


Taju.e 1. — TuMi’EiiATUur. GnADiEN'Ts IN Tilt Ttssucs or THE Lateeal Aspect or the Tuir.ii 


Depth 

Pro-treatment 

Post-treatment'’ 

mm. 

oC. 

of;. 

0 

31.4 

33.3 

3 

30.7 

32.7 

G 

31.6 

33.4 

9 

32.5 

33.9 

13 

32,4 

34,7 

16 

33.8 

35.0 

19 

33.5 

35.3 

22 

34.6 

35,7 

25 

34.6 

36.0 

28 

35.5 

35,4 

31 

35.0 

36.0 

34 

35.9 

35.9 

37 

35.7 

36.2 

41 

36.1 

86.2 

47 

35.9 

36.2 

56 

36.1 

— 


‘Obtniiifd nt cessation of experiment (mean time, 57 minutes) wlicn deep muscle temperatures l)nd returned 

to control levels. 


be at a constant level with only minor 
fluctuations. The general pattern of 
the gradient in the control obseiva- 
tions is in essential agreement with 
results reported by Bazett and Mc- 
Glone- and Barcroft and Edholm,* 
although the actual values are differ- 
ent. Tlicse discrepancies are undoubt- 
edly related to the great x-ariability ob- 
scrx’cd in deep temperatures in differ- 
ent muscles and at different horizontal 
levels of the same muscle. These fac- 
tors have been discussed in detail by 
Buchthal ct ah^ The second set of 
gradients was obtained during the 
cooling period at the time when deep 
muscle temperatures (30 mm. plus) 
were essentially at control levels. Al- 


ireriod of heating and, therefore, the 
maximal temperature must be arbi- 
trarily presented as an indication of 
the change in tissue temperature. The 
rise in surface temperature was rough- 
ly equix'alent with tiie B director at 3 
generator outjmts. This 3 to 5°C. in- 
crease correlated with the subjective 
evaluation of a mild and pleasant lieat- 
ing volunteered by patients and sub- 
jects. Erj-thema was obser\-ed in only 
a few instances and this with other 
directors and higher powers. The al- 
terations in the snbcutancons temper- 
atures were most striking nith both A 
and B directors. In the majority of in- 
stances tlicse values were higher than 
sinmltaneously determined muscle tern- 
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somewhat longer periods than was the 
case for the deep. The frequent occur- 
rence of an initial transitory decrease in 
tlie surface tempei'atures of the left 
thigh may be indicative of a reflex 
vasoconstriction. 

Deep heating was readily accom- 
plished by micro wave radiation. In 
order to determine the extent of this 
effect additional experiments were con- 
ducted. \^dien thermocouples were in- 
serted at equivalent depths in the 
muscle tissue of opposite sides of a 
treated tliigh, no positive evidence of 
heat transfer across the muscle and 
bone mass was noted (Figure 4), How- 
ever, the muscle temperature of tlie 
inner surface of the thigh did not ex- 
hibit the gradual fall in temperature 
normally observed in resting muscles,"’’ 
Since this phenomenon did not occm-, it 
might be possible to interpret the small 
lise as indicative of some transfer, but 
in a repetition of this experiment on 
another subject tliis slight change was 
not duplicated. In Figure 5 a similar ex- 
periment is shown with a second tlier- 
niocouple in the same muscle but 130 
mm. lower and at a distance of 64 mm. 
from the edge of the director. Neither 
muscle nor surface temperatures at this 
point were ele^'ated following treat- 
ment. In 2 other e.xperiments surface 
and muscle temperatures were meas- 
ured at various points within tlie area 
of the B director. Temperature deter- 
minations were within 0.3 to LO^C. 
Generally lower muscle temperatures 
weie found nearer the peripliery. Sur- 
face temperatures were not consistently 
different at any point within the area 
or during different experiments. 

No evidences of generalized effects 
were observed. Rectal temperatures 
remained w'ithin ±:0.rF. of control 
values. Reflex vasodilation, determined 
by multiple toe and finger temperature 
measurements, was not induced. 

Discussion. Exposure of the 
thigh to the radiation field of a micro 


wave generator resulted in definite 
changes in tissue temperatures. The ef- 
fects were relatively local in that they 
were limited to the area of the director 
employed and did not penetrate to 
depths much beyond 60 mm. The out- 
put of the generator determined to a 
certain extent the depth of peneti'a- 
tion and the site of greatest tempera- 
ture alteration (Table 2), However, re- 
gardless of generator output the great- 
est changes in temperature were ob- 
served in the subcutaneous and con- 
tiguous muscle layers. With larger out- 
puts, higher but not tlie highest tem- 
peratures were recorded in deep mus- 
cle. Whether this was due to actual 
penetration of energy to these depths 
or just to heat ti'ansfer was not defi- 
nitely determined, Tliat the latter may 
be involved is suggested by the high 
temperatures observed in the more su- 
perficial muscle layers. The normal 
gradient from subcutaneous to muscle 
tissue was reversed in practically all 
instances. 

Osborne and Frederick® have report- 
ed the only other data on human sub- 
jects. They found a mean temperature 
of 40.1°C. at a depth of approximately 
50 mm. Unfortunately, they failed to 
mention the power output of their gen- 
erator. It was quite likely at least SO 
watts. If such was the case, there would 
be essential agreement widi the find- 
ings reported herein. A complete com- 
parison of tlie effects of micro wa\'c 
radiation on heating of tissues is not 
possible since Osbonie and Frederick 
have presented only figures for one 
depth. Data presented b)' Krusen c( ah' 
on dogs is essentially in agreement with 
the results on human tissue, if depth 
and not histological distinctions are 
employed for comparison. In both spe- 
cies the maximum elewations of tem- 
perature are obsen'cd at depths of ap- 
jiroximately 20 to 35 mm. At other lev- 
els the effects are of a smaller order of 
magnitude. 
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Tlie slight ele\'ations of skin tempera- 
ture obseiA’ed (Table 2) are interesting 
in that subjectively patients report only 
a sense of pleasant v'armtli and are 
not conscious of the higher internal 
temperatures. Furthermore, eiA'thema is 
noted in a very small percentage of 
cases and has been obseiA^ed most fre- 
quently in those patients who have 
been perspiring prior to or during the 
early phases of tlie treatment. In one 
resjiect this illusion of mild warmth 
is dangerous, since many individuals, 
both patients and operators, believe 
that only a small amount of heat is 
being gi\’en and are tempted to in- 
crease the power output wtli possible 
ill effects in the deep tissues. This dan- 
ger is especially likely to occur to those 
who are accustomed to short wave dia- 
thermy where skin sensation is the de- 
termining factor in dosage. 

The cooling curves obtained are not 
susceptible to ea.sy analysis since two 
distinct slopes were generally evident 
—an initial period of short duration 
with a rapid fall and a succeeding pro- 
longed period during which the tem- 
peratures dropped at a much slower 
rate. These prolonged cooling cuia'cs 
offer opportunity for speculation re- 
garding the influence of this mode of 
heating on the rate of blood flow 
through the healed ti.ssue. Kru.sen c( 
a!.' ha\'e reported striking increa.ses in 
venous flow in the dog’s hind limb dur- 
ing and following treatment. However, 


rough calculations based on a mean 
temperature rise of 5”C. in human tis- 
sues indicated that cooling should 
have occurred witliin 15 to 30 minutes 
even witli no increase in blood flow. 
But the cooling curv'es were much more 
prolonged, suggesting either no change 
or a small increase in the blood flow 
through tlie heated tissues. Informa- 
tion on this aspect is now being ob- 
tained. 

Summary. The emjjloynient of 
high frequency electrical energ)' in the 
12 centimeter band (2450 megacycles 
per second) of tlie electromagnetic spec- 
trum provided a means of selectively 
heating local masses of tissue. The mag- 
nitude and depth of heating can be 
modified by varj'ing directors and tlie 
power output of the generator. Maxi- 
mal temperatures observed follom'ng a 
15 minute period of heating, utilizing 
a power output of 50 watts and a 6-inch 
director, were 36.4'’C. at the surface, 
44°C. at subcutaneous levels, and 40°C. 
in muscle tissue. In the majority of the 
e.xperiments the temperature gradient 
from subcutaneous ti.ssue or muscle to 
surface was not modified greatly as a 
consequence of this mode of licating. 
However, in a large number of in- 
stances the subcutaneous to muscle gra- 
dient was reversed. High internal tem- 
peratures were secured with only in- 
cidental elevation of surface ternper- 
atures. No increases in rectal temper- 
ature were obsen’cd. 
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An antihistamine substance may be 
defined as one “capable of diminishing 
or preventing several of tire pharmaco- 
logical effects of iiistamine”'* by compet- 
ing with it for a particular site of action 
or for the same tissue receptor, ratlier 
than by the production of diametrically 
opposite pharmacological responses. 
“This t>fpe of antagonism is reversible 
and one of the most specific in nature”.'* 
Despite its specificity, it has been 
repeated!)' shown that the reaction 
does not necessarily involve closely re- 
lated chemical analogues but may be 
produced by a di\’ersit)' of compounds, 
which, while sharing an antihistamine 
action in common, \ ary considerably in 
their pharmacological activity. For 
instance, certain of the benzhydryl 
alkamine ethers, to which class Bena- 
dryl belongs, show, in addition to their 
antihistaminic activit)', an atropine-like 
action, not shared by equally potent 
antihistamine substances such as anter- 


gan, and closely related alpha-amino- 
p)Tidine derivatives, of which Pyri- 
benzamine is one. 

While a number of compounds of 
die t)'pes just mentioned have e.vhibited 
a high degree of histamine-blocking 
action, many unpleasant side-effects 
have occurred in their application at 
' the bedside. This has resulted in a 
widespread effort to find other sub- 
stances, which retain tlie antihistamine 
property, but lack in greater or lesser 
degree undesirable to.xic side-effects. 

Phenindamine represents a com- 
pound of strikingly different chemical 
structure {Fig, 1), which .shows ap- 
preciable antihistanunic activit)'."’’* 
In protecting guinea pigs from deatli 
due to e.vposure caused by inhalation 
of histamine spray, tliis drug proved 
to be about eight times as potent as 
antistine. twice as effective as Benadryl 
and one-half as active as P)Tibenza- 
mine.' In acute poisonings of small 
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from 75 to 600 mg. daily for periods vary- lions of tlie wlieal-and-flare reaction 

ing from 1 to 20 weeks. For specific were made. Twelve of the subjects 

tests, such as glucose tolerance and elec- were successively given 150, 300 and 

trocardiographic tracings unit doses of gQQ jj^g daily for periods of two weeks 

from 300 to 600 mg. were used. g^cli dosage level, while the re- 

Results, I. The Antihistamine Ef- mainder of tlie subjects were utilized 
FECTS OF Phenindamine. Indiccs of tlie at one or more levels of administration 
antihistamine action of phenindamine ' for var 5 dng periods of time, 
action of phenindamine were its in- The metliod for performing these 
fluence upon (1) the histamine wheal- tests has been previously described, 
and-flare reaction in the skin and (2) Readings and measurements were made 
gastric acidity following a 7^ alcohol at tlie end of 5, 10 and 15 minutes, 
meal. Each subject served as his own control. 



Fig. 2— The influence of plienindaminc by mouth upon the histtainine flare reaction in llic .skin. 

1. Changes in the response of the Composite graphs of tlie areas of 
skin to histontinc following the oral the wheals and flares thus obtained 
administration of phenindamine. In 76 have been recorded in Figures 1 and 
tests, the wheal-and-flare responses of 2 as percentages of the control values. 
IS normal subjects were recorded fol- Increasing doses of the drug influenced 
lowing the oral administration of the size of die flare less than the size 
phenindamine in doses of 150 to 600 of the wheal, and at no dosage lc\ el 
mg. daily for periods \ arying from one was it possible to make these plicnom- 
to eight weeks. In all. 76 determina- ena disappear routinely. 








440 


MCGAVACK, WEISSBERG, ET AL. : 


Several comments regarding individ- 
ual responses may be apropos. In 15 
subjects tliere was a steady decrease 
in the size of the wheal and flare as 
the dosage was increased, although 
the degree of change was always most 
marked \Wth tlie initial dose of 150 
mg. daily. In 2 subjects the dermic 
response to histamine was not ap- 
preciably altered by tlie oral use of 
phenindamine in the manner described, 
and in 1 the intensity of the reaction 
actually increased in spite of the drug. 
Of the 8 subjects studied in the “re- 
lease” phase, i.e. one week after tlie 
drug was discontinued, 6 showed a 
dramatic increase in the size of the 
wheal and flare, while two developed 
responses similar to tliose seen in tlie 
control period. In two subjects tliere 
was complete suppression of the hista- 
mine flare while 600 mg. of pheninda- 
mine was being administered daily; in 
no instance was there a complete dis- 
appearance of the whealing phenome- 
non. 

2. Changes in gastric acidity follow- 
ing the oral administration of phenin- 
daimne. 26 fractional gastric analyses 
following a 7/c alcohol meal were 
performed on 6 subjects before and 
after the oral administration of phe- 
nindaminc. In 4 subjects, the determ- 
inations were made before and after 
one week or more of treatment witli 
each of the following daily doses of 
phenindamine; 75, 1.50 and 300 mg., 
respectively. 

04ie values for gastric acid, both 
free and total, were lower in two sub- 
jrcts after two weeks each on 150 and 
.300 mg. daily of drug. In two more, 
the figures were at first lower, and in 
Liter tests higher than they were in- 
iti.ally. In the re.naining two subjects, 
tliere was no appreciable change in 
t;istric acidity foihnving the adminis- 
tr.-.tinri of phenindamine. 


II. Non'-Specific Effects of Phen- 
iNDAAnxE. A total of 33 normal subjects 
normal subjects were used in ascer- 
taining the ability of phenindamine to 
influence various bodily functions. Un- 
less otherwise specified the drug was 
given for prolonged periods of time at 
various levels of dosage, ranging from 
75 to 600 mg. daily. 

1. The influence upon glucose toler- 
ance. Glucose tolerance tests were 
completed in relation to a single large 
dose of phenindamine in 9 instances, 
and after prolonged administration in 
3 subjects. In 9 subjects, sugar toler- 
ance was determined before and after 
tlie oral administration of a single dose 
of 300 mg. of phenindamine. The 
results have been described elsewhere 
in detail.® A similar study was at- 
tempted in 6 additional subjects fol- 
lowing a single orally given dose of 
600 mg. However, in each instance, 
the individual became nauseated and 
vomited before the test could be com- 
pleted. Suffice it here to say that there 
were no appreciable changes in glucose 
tolerance as a result of such unit doses 
of phenindamine. 

Three subjects were successive!)' 
given daily doses of 75, 150, 300 and 
600 mg. of phenindamine, respectively, 
for periods of not less than one week 
at each level of dosage. Before any 
drug was given and at the end of 
each period, an intravenous glucose 
tolerance test was performed. Tlie 
results are graphically recorded in Fig. 
3. It utHI be obsers ed that no essential 
changes occurred in the glucose toler- 
ance of these individuals as a result 
of the action of the antihistamine 
agent. 

2. Influrnre itjion the basal meta- 
bolic rate and the cnrdinvasndar .system. 
Serial determinations of the basal 
metabolic rate obtained in -S-l subjects 
on a previfinsl)- described regime of 
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living^ were witliin normal limits fol- 
lowing the use of phenindamine in 
widely varying doses (75 to 600 mg. 
daily) for periods of time ranging from 
1 to 18 weeks. 

The pulse rate, tire blood pressure 
and the elechocardiograms of 30 nor- 
mal subjects were not disturbed by 
large single or varying multiple doses 
of phenindamine. 

S. Alterations in the formed ele- 
ments of the blood. From Table 1 it 
is clear that tire prolonged administra- 
tion of jrhenindamine produces no 
significant changes in the blood count 
of normal subjects irrespective of levels 
of dosage between 75 and 600 mg. 
daily. The same statement may be 
made for all patients with allergic 
diseases in whom serial examinations of 
the blood were possible. 

4. Chemical determinations upon the 
blood serum. As may be observed in 
Table 2, phenindamine employed over 


a wide range of dosage and for varying 
periods of time failed to cause signi- 
ficant alterations in the following de- 
terminations on blood serum: icteric 
index, the thymol turbidity, the alkaline 
phosphatase, protein and protein parti- 
tion, urea nitiogen, creatinine, glucose, 
cholesterol and cholesterol esters. Van 
den Bergh reactions, not recorded in 
tlris Table, were routinel>' negative. 

III. Expeiuences wito Pheninda- 
mine IN THE Treatment of Allergic 
Diseases. In all, 136 patients with some 
In all, 136 patients with some type of 
allergy have been treated with phe- 
nindamine. The results are summar- 
ized in Table 3. 

1. Hay Fever. Of 66 patients treat- 
ed, 13 (20%) were not helped, 41 
(62%) were partially relieved, and 12 
(18%) obtained complete relief. Inas- 
much as the severiti' of hay fever 
varies directly with the pollen count 


Tadt.f. 1. Hrooi) Counts in Heautiiy SunJECxs Foleowing .tuMiNisTHATioN ok Phenindamine 
IN VAnviNG Doses ran Long Peuiods ok Time* 


Phenindamine 

dosage 

No. 

Ugh. 
(gms.l 
100 cc.) 

Erythro- 
cyte.s 
(viill./ 
cii. mm.) 

Leuco- 

cytes 

(thou./ 

CII. mm.) 


Differential C omit (%) 


No. dcier- Daily 
.subj. niiria- (mg.) 
lions 

ttsed 

(orcr- 

age) 

P 

L 

if 

E 


IS ‘>3 0 

7 or 

more 

13,8 

(11-17) 

4 Sii 
(3.80- 
5.30) 

0.12 
(4 , 5.5- 
13.0) 

57.8 

(40-80) 

30.7 

(15-58) 

4.0 

(0-12) 

1 . 45 
(0-8) 

0 . 05 
(0-1) 

1 1 75 

7 

13.0 

4.50 

7 . 50 

00 . 0 

35 , 0 

3.0 

2.0 

0.0 

1 1 I no 

5 

15.0 

4.37 

5 . 40 

70.0 

28.8 

1.0 

0.0 

0.2 

M *28 150 

31 

13.0 

(11-10) 

4 . 1!) 
(3.90- 
5 00) 

0,71 

(5.10- 

9.20) 

54.0 

(43-73) 

42,7 

(19-49) 

(1-5) 

1 .2 
(0-0) 

0.5 

(0-3) 

1 2 iOO 

11 

13.5 

4.15 

7 .53 

07.3 

30.0 

2.0 

0 7 

0.0 

13 2(! 300 


13.0 

(11-17) 

4.20 
(3 70- 
0.20) 

7.00 
(5.50- 
11.. 30) 

03.8 

(47-80) 


2.7 

(0-7) 

2.3 

(0-7) 

0. 1 
(0-1) 

tt S 000 

7 

13.3 

(M-H) 

4.40 
(3.70- 
4 . 50) 

8.30 

(0. so- 
lo.. 50) 

50 . 0 
(39-07) 

40.5 

(30-00) 

2.4 

(1-5) 

1.0 

(0-4) 

0. 1 
(0-1) 


* Fijiuros in paronllu-se.'* rcpri'sent Uk- raiiRc of v.aliic.s. 
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Table 2. Chejiical Analyses of Blood Serem Following the Administbatios or Phenin- 

DA5IINE TO Normal Subjects 


So. 

Subj. 

.Yo. 

deter- 

nina- 

tions 

P/ienindatnine 

Pota!;e 

So. 

Daily Days 
(mg.) Uted 
[Arer- 
age) 

i.i.' 

T.T.- 

.4.P.> 

Total 

Protein* 

Alb. 

GMj. 

Urea 

S^ 

Creat- 

inine^ 

Glu- 

eote* 

Cholerterot* 
Total Ctiert 

15 

24 

0 

7 or 
more 

5 .4 
(4.9- 
8.3) 

2.4 

(0.4- 

12.5) 

3.1 

ro.9- 

12.0) 

6.6 

(5.0- 

8.5) 

4.3 

(3.2- 

5-4) 

2.3 

(1.3- 

4.4) 

12.9 

(9.7- 

22.5) 

1.3 

(0.8- 

2.1) 

105 

(80- - 
120) 

230 

(160- 

300) 

145 

(90- 

200) 


2 

75 

7 

5.2 



7.2 

4.7 

2.5 

11.5 

1.2 

108 

244 

164 

1 

1 

100 

7 

5. 1 

1.9 

4.0 

7.0 

4.0 

3.0 






10 

21 

150 

35 

5.4 

(5,0- 

C.O) 

2.8 

(0.3- 

13.6) 

4.C 

(2.0- 

6.0) 

7.1 

(5.6— 

8.9) 

4 .5 
(2.8- 
6.0) 

2.6 

(1.6- 

3.0) 

12.7 

(C.8- 

23.5) 

1.3 

(0.8- 

2.1) 

103 

(93- 

127) 

228 

(185- 

330) 

149 

(70- 

220) 

1 

2 

200 

U 

7.3 

2.7 

5.5 

7.7 

4.7 

3.0 

16.8 

1.6 

94 

250 

160 

M 

18 

300 

21 

5.8 

(5.0- 

9.2) 

1.7 

(1.0- 

3.4) 

4.2 

(1.0- 

10.2) 

7.1 

(6.0- 

9.0) 

4.C 

(3.5- 

6.0) 

2.5 

(1.5- 

4.4) 

12.7 

(7.0- 

17.0) 

1.3 

(0.9- 

2.3) 

105 

(83- 

116) 

224 

(146- 

340) 

146 

(100- 

230) 

to 

17 

600 

7 

5.3 

(5.2- 

5.7) 

1.8 

(0.9- 

2.7) 

4.4 

(3,0- 

7.0) 

6.9 

(S.i- 

7.8) 

4 .5 
(3.5- 
5.6) 

2.4 

(1.5- 

3.3) 

12.6 

(9.5- 

15.9) 

1.4 

(1.1- 

2.1) 

100 

(87- 

109) 

206 

(164- 

272) 

142 

(110- 

182) 


° Figures in parentheses represent the range of values. 
’ I.I.= Icteric index 
' T.T.=Th>Tnol turbiditj’ 

“ A.P.=Alkaline phosphatase 
* Expressed in per cent 
‘ Expressed in mg. per 100 cc. 



Fig. 3— .Averaged glucose tolerance curves in 3 subjects before and after treatment succes- 
sively with phenindamine in the daily dose noted. (Each dosage lex'el was continued for at 
least 1 week in each subject). 
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in the air, we ran simultaneously a 
series of control observations in patients 
to whom a placebo was administered; 
5% of these controls were symptom 
free, 30% improved while taking place- 
bo and 61% remained in statu quo. 
In order to evaluate the results in terms 
of an antihistamine substance of known 
potency, a number of patients were 
given Benadryl and observed concur- 
rently with those receiving pheninda- 
mine. Of these, 21% obtained complete 
relief, 59% partial relief and 20% no 
relief. 


observed in each of 7 patients. These 
necessitated the discontinuance of the 
drug in two who received 75 and 2.50 
mg. daily, respectively. 

3. Bronchial asthma. Only 1 of 24 
cases of bronchial asthma was relieved 
through the use of phenindamine 
(Table 3). However, in most instances, 
patients received the drug only at the 
time of their attacks. In 4 subjects, 
phenindamine was tried in a dose of 
200 mg. daily as a prophylactic against 
attacks. In tliis connection it proved to 
be far inferior to Benadryl, the mild 


Tabi^e 3. Results of Tiieatme.vt Witb Phen'indamine in ISO Patients With Alleugic 

Manifestations 


Condilion 

Total 

CR* 

.Y«. % 

Rc.'tull 

I* 

•Vo. % 

.XR* 

Xo. % 

Hay fever 

l\G 

12 

18.2 

41 

02.1 

13 

in 7 

.Allergic Rliiniti.s 

'i.n 

5 

20.0 

0 

30.0 

11 

44.0 

Asllimn 

24 

1 

4.2 

•I 

10.7 

1!) 

70.1 

Urlienria — acute 

l(i 

3 

« 

37.5 

8 

50.0 

2 

12.5 

Miscellaneous 

.5 

1 

20.0 

o 

40.0 

o 

40.0 

Totals 

13fi 

2.5 

18.4 

04 

47.1 

47 

.34.5 


* C.R.= Complete relief, 

I. = Improvement and 
N.R. = No relief 


Phenindamine was employed in the 
hay fever subjects for periods of from 
15 to 120 days in daily doses of from 
75 to 150 mg. Side effects were present 
in 22 of the 66 patients, but in 6 were 
so mild as to disappear while the same 
daily portion of drug was continued. 

2. "Vasoinoior lihinitis.’’ Of 2-5 
subjects Mith this condition (Table 
3), 5 (20%) were completelv relieved, 
while 44% were unimproved. All pa- 
tients were started with 75 mg. of the 
drug daily; if there was no appreci- 
able effect, the dose was increased 
until improvement occurred or until 
2.50 mg. were used daily without relief. 
The jieriods of observation \ aried from 
7 to 120 days. Some side effects were 


sedative and moderate antispasmodic 
action of which often protects the astli- 
matic completely for such time as it 
may be continued. 

Seven of the 24 subjects showed 
some mild reaction to the drug, in no 
case sufficiently distressing, however, 
to prevent continuation of treatment. 

4- Urticaria. Tliree of the 16 cases 
of urticaria were acute and 13, chronic 
(Table 3). It was difficult to tell with 
certainty whether or not the drug in- 
fluenced the acute cases, although a 
clinical impression prevailed that the 
course of tlie condition was shortened. 
Of the chronic cases, complete or par- 
tial relief occurred in appro.vimately 
87.0% on daily doses ranging from 75 
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to 150 mg. Improvement occurred 
neither as rapidly nor as completely as 
widi Benadryl to which die pruritus al- 
ways yielded, probably in part due to 
its mild sedative action. 

5. Miscellaneous conditions. Two 
cases of contact dermatitis were im- 
proved by phenindamine in daily doses 
of 75 and 100 mg., respectively, con- 
tinued for 14 and 25 days, respectively. 
One patient widi Fox-Fordyces dis- 
ease, in whom tlie itching was previous- 
ly controlled by Benadryl, obtained no 
relief from phenindamine. One pa- 
tient with a food allergy was not re- 
lieved follo\ving 14 days of treatment 


ranging from 75 to 600 mg. for periods 
of from 1 to 6 weeks have been fully 
detailed elsewhere.® 42% of the group 
evidenced some untoward effect. The 
incidence varied directly as the dose 
of drug used. IVlien 75 mg. were taken 
daily, approximately 15% showed some 
reaction. With the average therapeutic 
dose of 150 mg. daily, the incidence 
of side reactions was 25.0%. l^Tien 
used in similarly selected and treated 
subjects, the corresponding incidence 
of reactions to Benadryl and Pyriben- 
zamine was 64% and 64%, respectively. 

The incidence of symptoms due to 
phenindamine in the descending order 


Table 4. Side Effects in 34 Patients Receiving Therapeutic Doses of Phenindamine 


Symptom 

No. times 
observed 

Symptom 

No. times 
observed 

Dizziness 

11 

Headache 

0 

Drowsiness 

9 

Cough (.=) 

0 

Dryness 

9 

Palpitation 

2 

Insomnia 

7 

Abdominal cramps 

1 

Nausea and vomiting 5 

Nervousness 

0 

Blurred Vision 

4 

Weakness 

0 



Anorexia 

1 



Total 

55 

with 75 mg. daily. 

One patient ivith 

of their frequency was 

dryness of the 


C, 

improved by unit doses of 25 mg. given 
in die very beginning of the individual 
attack. 

I\^. Toxic Effects of Phendamine. 
The toxic reactions to phenindamine 
phenindamine were recorded in a 
group of selected subjects and in all 
of the patients who received the drug 
therapeutically. One hundred subjects 
were included in the first study; they 
ivere chosen widi a riew to eliminating 
allergic conditions and anj' disturbance 
of the autonomic nervous system. The 
results MTth this group of subjects, who 
receiv'ed dailv' doses of phenindamine 


mouth, insomnia, constipation, dizzi- 
ness, jumpiness or jitteriness, burning 
of the conjunctivae, intestinal cramps, 
drowsiness, weakness, and palpitation. 
Five subjects refused to continue the 
drug because of the severity of the 
side effects, but in none of these was 
the dose less than 300 mg. at the time 
it was stopped. In the smaller doses, 
insomnia and gastrointestinal symptoms 
were in the foreground. Most of the 
sensorial and circulatory symptoms oc- 
curred only when the largest doses were 
used. 

Of the 136 patients who received 
ohenindamine in a therapeutic range of 
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dosage (75 to 250 mg. daily), 34 devel- 
oped some unpleasant manifestation, 
and enumerated a total of 55 com- 
plaints atti'ibutable to these side reac- 
tions (Table 4). These are recorded 
in the descending order of their fre- 
quency in Table 4. 

Discussion. Phenindamine differs in 
chemical structure and in jpharmaco- 
logical action from the majority of 
antihistamine substances previously 
used in clinical medicine. In the latter 
regard, quite in contrast, for instance, 
to Benadryl and Pyribenzamine, it an- 
tagonizes the pressor responses to 
epinephrine, an action completely in- 
dependent of its antihistamine effects. 

From our observations to date, sev- 
eral conclusions may be drawn regard- 
ing its clinical application in allergic 
states: 

1. It is about one-half as toxic as 
Benadryl and PjTibenzamine. 

2. For the most part it lacks the 
sedative action of Benadryl and does 
not share its weak atropine-like effect. 

3. In tire management of hay fever, 
it is approximately as effective as 
Benadryl. 

4. In botli vasomotor rhinitis and in 
asdiina it is less useful than Benadryl, 
although in selected cases proves of 
value where the latter causes extreme 
drowsiness. 

5. Satisfactory relief is obtained in a 
high percentage of the cases of chronic 
urticaria, although equal results have 


been reported witli PjTibenzamine and 
better results witlr Benadryl. However, 
both tlie latter drugs have a greater 
tendency to undesirable side effects 
which ma>f make phenindamine the 
drug of choice in many patients. 

Summary. 1. Phenindamine (2- 
metlryl-9-phenyl-2, 3, 4, 9-tetrahj'dro-l- 
pyridindene) represents a new type of 
compound witli an ormrall antihista- 
minic activity in the human being which 
is about one-half to two-thirds that of 
either Pyribenzamine or Benadryl. 

2. The allergic diseases which have 
responded to its apjrlication include 
ha}'^ fe\'er, acute and chronic urticaria, 
and vasomotor rhinitis, somewhat in 
the order named. In tliese regards, 
its action follows the general pattern 

, already obser\'ed for such commonly 
recognized antihistaminic compounds 
as Benadryl and Pyribenzamine. 

3. The overall incidence of reac- 
tions to the use of phenindamine lies be- 
tween 25 and 4Q'}r or about two- 
thirds to one-half that observed for 
either Benadryl or Pyribenzamine. 

4. It seems likely from present com- 
parative observations that no one anti- 
histaminic substance will be useful in 
all cases xvhere such compounds are 
applicable, but that individual varia- 
tions from patient to patient may justi- 
fy a “trial and error” method of select- 
ing the most suitable preparation for 
the case in question. 
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GLUCOSE TOLERANCE: H. EVALUATION OF GLUCOSE TOLERANCE 
IN LIVER DISEASE AND COMPARISON OF THE RELATIVE VALUE OF 
THREE TYPES OF TOLERANCE TESTS 

By JOHN MOYER, Captain, M.C. 

AND 

CHARLES WOMACK, Captain, M.C. 

FORT SA^f HOUSTON, TKXAS 

(From the Medical Service of the Brooke General Hospital) 


Since Hamman and Hirschman^® 
first described the one-dose oral (“stand- 
ard”) glucose tolerance test and sug- 
gested its use as a diagnostic aid in 
diabetes mellitus, many disease pro- 
cesses otlier than insulin deficiency 
have been sho^vn to exhibit disturb- 
ances in carbohydrate metabolism re- 
sulting in a decreased glucose tolerance. 
As oiu" knowledge of carbohydrate 
metabolism develops, it becomes in- 
creasingly apparent that the liver is 
particularly important in its regulation. 
This fact is brought to the fore in 
hepatic diseases, especially in cirrhosis. 
It is with this phase that we are con- 
cerned in our present study of 19 cases 
of cirrhosis, 3 of which were associated 
with cardiac failure, and of 10 cases of 
infectious hepatitis in various stages 
of convalescence. 

The diagnosis in all cases of cirrhosis 
was proven not only by the clinical 
and laboratory manifestations, but also 
by li\'er biopsy obtained with the Vira- 
Silverman needle. Tlrere were no 
complications witlr tliis latter proce- 
dure. It is not our purpose to consider 
lire pathogenesis nor the clinical mani- 
festations of liver disease, but ratlier 
to investigate the ability of patients 
with hepatic disease to handle glucose 
as demonstrated by the alteration of the 
3 common t>'pes of glucose tolerance 
tests in present use, I'.e., the one-dose 
oral (“standard”), the one-hour, 2-dose 
oral (Exton-Rose) and tire intravenous. 

(44G) 


We have attempted to ascertain which 
of these tests is most significant as an 
index of liver function in so far as car- 
bohydrate metabolism is concerned and 
how it correlates with the clinical pic- 
ture and with other liver function tests 
as an index of liver disease. 

Observations. An evaluation of the 
patients, at the time of tire present 
study, revealed that tire general condi- 
tion and prognosis of the 19 cases 
of cirrhosis was good in 6, fair in 4, 
and poor in 9. The ages ranged be- 
tween 32 and 68 with an average age 
of 49 years. Tlrirteen of the 19 pa- 
tients had a history of chi'onic alcohol- 
ism. The duration of symptoms ranged 
between 3 months and 11 years (aver- 
age 2 years and 3 months). The most 
frequent complaints were abdominal 
discomfort (13 cases), weight loss (9 
cases), jaundice (8 cases), shortness of 
breatlr (8 cases), weakness (7 cases), 
nervousness (6 cases), loss of appetite 
(6 cases), vomiting (5 cases), swelling 
of ankles (4 cases), cough (2 cases), 
aird vomiting of blood (2 cases). 

Hepatomegaly of a considerable de- 
gree was a prominent feature in the 
cases with cirrhosis which included 
those with far advanced disease and a 
poor prognosis. This finding is in 
contrast to the small liver described in 
the literature as being typical of ad- 
vanced cirrhosis. Hepatic enlargement 
was termed minimal when the liver 
edge was palpable 2 to 3 cm., moder- 
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£ite when 3 to 8 cm. and marked when 
over 8 cm. below the costal margin. 
Thus, according to these criteria, the 
hepatomegaly was marked in 10 of 
the cases of cirrhosis, moderate in 7, 
and minimal in 2. 

The remaining clinical manifestations 
show fairly good correlation u'ith those 
found in a similar series.’* Spider 
angiomata were noted in 10 cases, 
ascites was noted in 7 cases, peripheral 
edema in 7 cases, and splenomegaly in 
4 cases. 

The patients witli hepatitis were in 
various stages of convalescence. The 
prognosis and general condition was 
good in all. The duration of symptoms 
ranged between 4 u'eeks and 2 )fears 
(average 5 months). Tire average age, 
being 30, was considerably lower than 
that of the patients with cirrhosis. The 
most frequent complaints were jaun- 


dice (seen in all patients and recurrent 
in 5), nausea, anorexia, low grade fever, 
right upper quadrant tenderness, and 
neurasthenic symptoms following tlie 
acute illness. Hepatomegaly was seen 
in 7 of the 10 cases initially and was 
present in 3 at the time of this study. 

The results of certain liver function 
tests, other than glucose tolerance, per- 
formed on the patients are summarized 
in Table 1. 

Altliough jaundice usually has not 
been considered a manifestation of cir- 
rhosis,*®’ “ 8 of tire 19 cases, or about 
one-half had a definite history of jaun- 
dice. Moreover, 8 cases, 4 of whom 
had a history of jaundice, showed an 
elevation of the icteric index, at the 
time of this study, from minimal to 
moderate in amount, (Table 1). Foley 
ei al.'^ reported elevated icteric indices 
in 20 of 21 cases of cirrhosis. 


Tadle 1. Livf.u Function Studies 


'Aunc 

*nsp 

Icterus 

Ceph.I'loc. 

Thymol. 

.Vo. 

Relent. 

Index 

d'l hrs. 

.{S hr.s. 

Turl). 

1 

14% 

10 

— 

— 

— 


5% 

8 

0 

0 

— 

3 


24 

0 

1+ 

0 

4 

14% 

12 

0 

1 + 

11.5 

r> 

n% 

8 

0 

0 

2 

(i 

18% 

10 

1+ 

2+ 

4 

7 

18% 

27 

1+ 

2-b 

11.5 

8 

20% 

42 

'2-f- 

3 + 

15 

!) 

21)% 

o 

0 

0 

3,5 

10 

35% 

12 

t) 

0 

0 

11 

‘22% 

10 

0 

1 + 

— 

H 

10% 

0 

0 

0 

1 

13 

3% 

8 

0 

0 

— 

14 

10% 

0 

0 

0 

— 

15 

147o 

20 

0 

0 



1(5 

34% 

21) 

0 

1 + 

2.5 

17 

11% 

8 

0 

1 + 

5 

LS 

21) % 

4 

Xfg 

3 + 

4 

It) 

80% 

5 

0 

0 

3 


14% 

24 


— 

,5 

‘21 

7% 

0 

0 

0 

.> 

22 

0% 

4 

0 

0 

1) 

23 

1% 

5 

0 

0 

0 

24 

~% 

4 

0 

0 

0 

25 

3% 

12 

0 

0 

0 

20 

10% 

18 

— 



. . 

27 

20% 

10 

0 

1-r 

.3 

28 

41% 

24 

0 

1-f 

It; 

2!) 

1% 

17 

0 

tl 

0 


Prolh. Time Lircr 

Pafs. Control A/G Ratio RBC Riopsy 


— 

— 

3. 5/3.0 

3.3 

Mil. Cirrhosis 

— 

— 

3 . 5/2 . 8 

4.0 

Mil. Cirrho.si.s 

10 

15 

4. 0/2.3 

4.0 

Mil. Cirrhosis 

20 

15 

3.4/32 

3.3 

Mil. Cirrhosis 

14 

10 

5. 1/3.1 

8.1) 

Mil. Cirrhosi.s 

14 

17 

3. 0/2. 8 

4.1 

Mil. Cirrhosis 

27 

15 

3 . 8/4 . 0 

3.8 

Mil. Cirrhosis 

24 • 

17 

2. 1/4.2 

4.1 

Mil. Cirrhosis 

1) 

15 

5 5/1.1) 

4.5 

-tlil. Cirrhosis 

13 

18 

3, 2/2.5 

4.15 

Mil. Cirrhosis 

IS 

14 

3.!)/4. 1 

2 . 2 

Mil. Cirrhosis 

15 

17 

40/2,5 

4^0 

Mil. Cirrhosis 

41 

IS 

4 0/2.7 

3,5 

Mil. Cirrhosis 

15 

1!) 

3 1/2.8 

3,0 

Mil. Cirrhosis 

23 

17 

40/3.0 

3.2 

Mil. Cirrhosis 

21 

10 

4. 0/3. 7 

4.2 

Mil. Cirrhosis 

17 

10 

— 

4.4 

Mil. Cirrhosis 

15 

17 

4. 4/2.3 

4.2 

Mil. Cirrhosis 

— 

— 

4,1/12 

8.8 

Mil. Cirrliosis 

15 

15 

4. 3/3. 4 

4.2 

Mi! Hepatitis 

1 I 

15 

4.8/24 

4.0 

.4Iil. Hepatitis 

1!) 

10 

4 1/2.4 

5.0 

Mil. Hcpatiti.s 

14 

IS 

4. 1/3.4 

4,3 

Mil, Hepatitis 

17 

18 

4. 4/2. 8 

4.5 

Mil. Hepatitis 

15 

18 

4 0/3.0 

4.4 

Mil. Hcp.aliti.s 

20 

10 

4.1/21) 

4.5 

Mil. Hepatitis 

10 

18 

5.0, '8. 2 

4,1 

-Mil. Hepatitis 

17 

IS 

5.0/2. 5 

5.4 

Mil. Hepatitis 



— 

4 . 5 

iMil. Hepatitis 


* l>lenDinations done -15 minutes after 5 nir;, of dve per k". of bodv 
Over oCr retention was regarded as .abnonn.Tl by tliis laboratory.' 


weiglit was injected. 
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The normal cephalin flocculation 
studies in such a high percentage of 
the cases may be due to the laboratory 
technique of this hospital since the 
very small number of patients with 
liver disease showing disturbances of 
this test has been noted b)' us previ- 
ously. 

Low serum albumin and anemia of 
some degree were the rule rather tlian 
tire exception. This has been noted 
by other 


The results of the 3 glucose toler- 
ance tests as well as the post prandial 
blood sugar level have been tabulated 
for each patient in Table 2. The post 
prandial blood sugar was ascertained 
Vh hours after the patient had been 
giv'en a standard meal of 100 grams of 
carbohydrate, 35 grams of fat, and 35 
grams of protein. The blood sugar 
estimations were obtained from ven- 
ous blood after the method of Folin 
and Wu."’ 


Table 2. Tabulation of Blood Sugar Levels During 3 Types of Glucose Tolerance Iests 


Case Diagnosis 

F. 

Standard Oral Test 
ViHr IHr 2llr SHr 

Exton-Rosc 1 
F. yillr IHr 1 

F. 

lidrarenous Test 
y,Hr IHr 2 Hr 3 Hr 

\P.P. 

1 Cirrhosis 

123 

215 

260 

180 

85 

129 

245 

273 1 

145 

396 

252 

200 

115 

200 

2 Cirrhosis 

93 

200 

249 

176 

100 

114 

176 

188 

115 

299 

230 

no 

68 

100 

3 Cirrhosis 

95 

171 

188 

171 

91 

113 

168 

256 

105 

281 

195 

133 

91 

123 

■i Cirrhosis 

108 

195 

256 

219 

105 

98 

170 

209 

108 

286 

267 

162 

105 

— 

5 Cirrhosis 

109 

170 

209 

127 

81 

80 

109 

144 

102 

256 

122 

87 

87 

112 

C Cirrhosis 

112 

130 

192 

157 

68 

94 

143 

208 

87 

238 

174 

152 

70 

lUii 

7 Cii'rhosis 

118 

195 

240 

181 

90 

no 

267 

162 

111 

217 

132 

93 

137 

100 

8 Cirrhosis 

186 

200 

286 

290 

200 1 

157 

195 

220 

109 

276 

238 

138 

no 

205 

a Cirrhosis 

84 

150 

141 

142 

77 

92 

150 

170 

100 

291 

191 

119 

91 

81 

tu Cirrhosis 

96 

180 

167 

130 

122 

82 

105 

113 

90 

250 

135 

95 

95 

105 

H Cirrhosis 

146 

342 

420 

512 

510 

155 

250 

340 

128 

460 

359 

273 

181 

— 

12 Cirrhosis 

147 

226 

300 

217 

203 

159 

256 

264 

143 

300 

22-i 

176 

132 

— 

13 Cirrhosis 

93 

158 

129 

120 

79 

102 

172. 

167 

99 

238 

121 

83 

83 

— 

14 Cirrhosis 

110 

186 

240 

77 

70 ' 

91 

127 

156 

120 

360 

215 

109 

81 

114 

15 Cirrhosis 

98 

135 

139 

95 

58 

111 

178 

206 

90 

245 

130 

78 

75 

123 

10 Cirrliosis 

102 

160 

128 

102 

90 

98 

132 

160 

100 

200 

196 

105 

100 

99 

17 Cirrhosis 

57 

158 

117 

60 

57 

68 

196 

191 

76 

214 

146 

84 

76 

109 

18 Cirrhosis 

118 

190 

182 

162 

162 

98 

170 

209 

79 

288 

158 

137 

129 

123 

la Cirrhosis 

100 

132 

139 

120 

74 

87 

119 

135 

78 

169 

113 

78 

82 

104 

2U Hepatitis 

76 

114 

191 

162 

143 

100 

165 

261 

91 

214 

176 

91 

100 

113 

21 Hepatitis 

76 

114 

133 

114 

• 76 

66 

96 

150 

68 

204 

141 

91 

87 

96 

22 Hepatitis 

104 

1 22 

128 

113 

96 

113 

149 

133 

109 

200 

105 

96 

109 

79 

23 Hepatitis 

81 

162 

100 

81 

81 

79 

152 

157 

93 

338 

129 

81 

92 

157 

24 Hepatitis 

117 

156 

139 

117 

111 

104 

138 

135 

95 

280 

135 

65 

90 

76 

25 Hepatitis 

88 

136 

105 

92 

81 

78 

120 

135 ^ 

92 

254 

97 

94 

88 

■ 

2C Hepatitis 

102 

241 

219 

118 

118 

105 

192 

196 

103 

244 

169 

115 

96 1 

150 

27 Hepatitis 

81 

132 

123 

113 

109 

no 

140 

130 1 

102 

353 

211 

116 

106 

100 

28 Hepatitis 

91 

121 

99.7 

87 

71 

83 

120 

145 

85 

170 

105 

100 

95 

no 

2'J Hepatitis 

88 

122 

117 

62 

70 

100 

127 

19.2 

104 

205 

104 

100 

86 

81 

mean 

Standard 

103 

172 

185 

148 

113 

103 

164 

184 

101 

264 

171 

116 

98 


Deviation 

Mean of 103 

25 

47 

73 

85 

83 

23 

44 

54: 

17 

66 

59 

42 

23 


Normal Controls^ 96 
Standard Devia- 

145 

128 

95 

82 

97 

138 

131 

96 

223 

126 

88 

91 

98 

tion for Controls 

11 

25 

30 

15 

16 

10 

25 

34 

11 

69 

41 

13 

13 

18 


The standard deviation was calculated by use of the following formula: 

St.D. = ~ means 

Calculations made by Department of Biometrics, Randolph Army Air Field, Texas. 
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Each patient was placed on a diet of 
280 gi-ams of carbohydrate, 100 grams 
of protein, and 100 grams of fat for at 
least 5 days before any glucose toler- 
ance tests were done in order to elim- 
inate discrepancies due to dietary in- 
fluences. Two days or more were al- 
lowed between tests. 

Techniques: The standard glucose 

tolerance test was made by obtaining the 
blood sugar level in the morning, after 
12 hours fasting, and again 14 hour, 1 
hour, 2 hours, and 3 hours following the 
ingestion of 100 gm. of glucose dissolved 
in 600 cc. of water flavored with lemon 
juice. 

The one-hour, 2-dose Exton-Rose test 
was done, by dissolving 100 gm. of 
glucose in 600 cc. of water and flavoring 
with lemon juice. A fasting blood sugar 
was then taken, following which half of 
the glucose (50 gm.) was given by mouth. 
A second blood sugar was taken after 
30 minutes following which the remain- 
ing 50 gm. of glucose was ingested. A 
third blood sugar was then taken hour 
later. 

The intravenous glucose tolerance test 
was done by administering 0.5 gm. of 
glucose per kg, of ideal weight, in 300 cc. 
of normal saline. The glucose was given 
by intravenous drip o\'er a minimum of 
20 and a ma.\imum of 30 minutes. Blood 
specimens were obtained in tlie fasting 
state and 14 hour, 1 hour, 2 hours, and 
3 hours after the intra\’enous drip was 
started. 

Table 3 shows an analysis and com- 
parison of the number of cases show- 
ing decreased glucose tolerance in one 
or more of the 3 tests according to the 
criteria of various authors for interpre- 
tation of uormalitN' versus abnormality. 
Referring to Table 2. w^e note that in 
Cases 7 and 16 the 1-hour blood sugar 
values in the Exton-Rose tost are 162 
and 160 mg. per 100 cc. respectively. 
These, because of the small de\‘iation, 
will he regarded as within normal limits 
according to the criteria of Mathews e/ 
a\. (below 15S mg. (item 3. Table 
3)), since in the opinion of the autl-ors 


such a sharp line of distinetion does 
iTiOt exist. Under the same token, in 
Case 27, tlie 2 hour blood sugar level 
of 116 mg. per 100 cc. for tlie intrave- 
nous test, (criterion 5, Table 3), will be 
considered within normal range. 

In an evaluation of tlie standard 
glucose tolerance test in these patients 
the maximum blood sugar, or “rise,” 
was not taken to be indicative of ab- 
normality since this value is too de- 
pendent on exti'a-metabolic factors such 
as gastro-intestinal absorption, etc. Jos- 
lin-'' states that a rise above 170 mg. 
per 100 cc. is abnormal. However, in 
the authors’ experience,-'’ and tliat of 
others, tlie maximum blood sugar con- 
centiation max' be considerably more 
tlian 170 mg. in normal individuals. For 
example, in a series of 103 normal 
young male .conti'ols, 16 (IS^^o) were 
found to have maximum blood sugar 
levels during the first hour of the 
standard test well in excess of 170 
mg.-*’ When the mean value plus 
or minus twice the standard deviation 
was used for determining the range of 
blood sugar, it was found to be 95 to 
195 mg. for the 30 minute sample, 
and 68 to 188 mg. for the one hour 
sample, as compared to 65 to 125 
mg. by tlie second hour. Standard 
deviation values of 25 for the %-hour, 
30 for the 1-hour, as compared to 15 
at 2 hours, likewise attest to a wide 
range of normality during the first 
hour. 

Tlie criterion of Gould c( for the 
standard test, i.e., 3 hour blood sugar 
below the fasting level, is included in 
Table 3 for comparison. This crite- 
rion, also apparent in the small series 
of liver disease, is of value in estimat- 
ing the sex'erity of disturbance of carbo- 
hydrate metabolism as shown by the 
authors elsewhere-'*; but is too insen- 
sitive as an absolute criterion, and for 
that rc;\son will not be included further 
in this discussion. 
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The criteria for a normal standard 
tolerance test, as outlined by the 
autliors (item 7, Table 3), so nearly 
parallel those of otliers,®'’^’^^’^®’^® as 
outhned in item 1, Table 3, tliat the 
latter wll be used in further discus- 
sion, i.e., fasting and 2-hour blood 
sugar below 120 mg. per 100 cc. 

In comparison of the 3 tests the 
criteria used for 'a normal intravenous 
test are those found by the autliors on 
103 controls-® i.e., normal fasting blood 
sugar and 2 hour value below 115 
mg. (Table 3). However, tliese same 
values were arrived at by Lozner 
and associates®^ who found die normal 
range of the 2 hour blood sugar to be 
up to 90 mg. In their blood analysis, 
however, they used die Somogyi zinc 
precipitation method which determines 
fermentable “ti-ue sugar” levels. These 
average 10 to 30 mg. below the levels 
found by Fohn-Wu tungstate precipita- 
tion'® used by the authors. Using die 
latter analytic technique in their studies. 


Lozner et al.^^ could expect the 2-hour 
blood sugar to range up to 115 mg. per 
100 cc. 

In evaluating the 1-hour, 2-dose test 
in this series of cases, the criteria of 
Matthews and co workers (criterion 3, 
Table 3)®® were used. According to 
these authors, they are more specific 
dian the criteria of Exton and Rose 
(criterion 4, Table 3)® thus resulting in 
fewer false positives. Our viewpoint, 
developed as a result of comparative 
tests run on 103 normal subjects,®® 
coincides. Duncan further states in 
liis book Metabolic Diseases that the 
criteria of Matthews et al. are the most 
widely accepted today where the 1- 
liour, 2-dose test is used. This con- 
clusion is supported by Table 3 in 
wliich 22 cases show abnormahties ac- 
cording to the criteria of Exton and 
Rose as compared to 15 cases by the 
criteria of Matthews and associates and 
14 cases when the standard test is used 
for evaluation. 


T.vble 3. Comparison op Abnormal Results On Three Types of Glucose Tolerance 

Tests Depending On Criteria Used 


10 CASES 

19 CASES CONV. 

CRITERIA CIRRHOSIS HEPATITIS TOTAL 


**1. No. of cases with fasting or 2 hr. blood sugar above 120 
mg. per 100 cc. on the standard oral test.®- >2. i®. 

2. No. of cases with 3 hr. blood sugar above the fasting 
level on the standard oral test. Gould c( af.“ 

**3. No. of cases with abnormal fasting blood sugars or 1 
hr. blood sugars above 158 mg. per 100 cc. on the 
Exton-Rose test. Mathews et al.-'^ 

4. No. of cases with abnormal Exton-Rose tests accord- 
ing to criteria of Exton and Rose.®* ** 

**5. No. of cases with abnormal fasting or 2 hr. blood 
sugars above 1 15 mg. per cc. on the I. V. tcst.=®- 

6. No. of cases with abnormal curves according to 
criteria of both #1 and #3. 

7. No. of cases with abnormal standard cun-es according 
to authors’ criteria of normal obtained on 103 con- 
trols-2 i.e., fasting blood sugar below 120 mg. per cc. 
and 2 hr. blood sugar below 125 mg. per cc.*** 


13 1 14 

6 3 9 

13 2 15 

17 5 22 

9 0 9 

10 1 11 

13 1 14 


* Criteria of Exton and Rose for normal indirdduals are as follows: 

1. Normal fasting blood sugar 

2. Rise in blood sugar of not more than 75 mg. per 100 cc. at 14 hour. 

3. I hour sample not to exceed tlie 14 hour specimen by more than 5 mg. 

** Criteria used for interpretation of each test and for comparison of the three types of 
glucose tolerance tests, referred to in the discussion. 

*** Conclusion reached by using tlie mean value (93.0 mg. for the 2 hour value) — twice 
the standard devinKnn n.'tni 
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Therefore, in further discussion and 
comparison of tlie 3 types of glucose 
tolerance tests, the criterion of item 
1, Table 3, will be used for the stand- 
aid 1-dose test; tlie criteria of Mat- 
thews et al. (item 3, Table 3) for tire 
one-hour, 2-dose test, and the criteria 
of item 5, Table 3, for the inbcavenous 
test. The cases showing discrepancies 
between the 3 types of tests according 
to these criteria are tabulated in Table 
4 along with tlie critical discrepancy 
values. 


as having a definitely abnormal stand- 
ard tolerance test with a normal Ex- 
ton-Rose test. On tire other hand, 4 
(Cases 13, 15, 17, and 26 (Table 4)) Irad 
abnormal Exton-Rose tests with nor- 
mal standard tests. 

Tire intravenous test was witliin 
normal limits in all (Cases 5, 7, 10, 13, 
15, 17, and 26), showing discrepancies 
between tlie standard and tlie Exton- 
Rose tests, and tlierefore was of little 
aid in evaluation of these discrepancies. 


4. Ca.se.s .Siiowixg Di.sohep.v.n’cies metweex Three Gi.irco.sE Toi.euance Tests 

11m PLOYED 


■iSE NO. 

2 hr. BLOOD 
SUGAR 

STAND. TEST 

1 hr. BLOOD 

SUGAR 

EX TON-ROSE TEST 

2 hr. BLOOD 
SUGAR 
I.V. TEST 

* 5 

127 (Borderline) 

141 

87 

* 7 

181 

1G2 (Considered normal) 

93 

*10 

130 (Borderline) 

113 

95 

**13 

120 

107 

83 

**I5 

9.5 

206 

109 

**17 

00 

191 

84 

♦♦2() 

118 

19G 

115 

*** 2 

170 

188 

no 

***20 

1G2 

261 

91 


* Abnormal standard test because of a 2-bour blood sugar above 120 ing. per 100 cc. 
(item 1, Table 3) with normal 1-hour, 2-dose tests according to criteria of Matthew’s ct al. and 
nonnal intravenous tests. 

** Abnonnal 1 liour, 2 dose test w'ith normal standard test, and nonnal intravenous lest. 

*** Abnonnal 1 hour, 2 dose and standard tests with nonnal intravenous tests. 


In die entire series of 29 patients, 
9 had abnormal inti-avenous, one-hour, 
2-dose, and standard tests. These, all 
of whom had cirrhosis, were the only 
patients showing abnormalities of the 
intravenous test. In addition, 9 pa- 
tients sliowed discrepancies (Table 4) 
between the 3 tests. Thus, 2 patients 
(cases 2 and 20) had bodi abnormal 
one-hour, 2-dose and standard tests 
with a normal intiavenous test. Tliree 
cases had abnormal standard tests and 
normal Exton-Rosc tests. Two of these 
(Cases 5 and 10. Table 4) had 2-hour 
blood sugars of 127 and 1.S0 mg. 
respectively on the standard test. 
These would be classified as border- 
line or presumptively diabetic. There- 
fore. only one (Case 7) would be classed 


Beeause of reports in the literatui’e® 
of the marked hypoglycemia in liver 
disease, particularly in the fasting state, 
tliis problem was studied further since 
our results did not seem to bear out 
tliis observation. Three cases of cir- 
rhosis not included in tins series of 29 
were selected for 12 hour glucose tol- 
erance tests to evaluate the fluctuation 
of blood sugar over a more prolonged 
period of time. Tlie standard test was 
chosen since, in our e.vperience, it 
seemed to be the most valid. The re- 
sults are tabulated in Table 5. 

Discussion. In the glucose tolerance 
tests in tin's series, it is apparent that 
the ability of patients with liver dis- 
ease to handle glucose is altered in a 
high percentage of the cases regardless 
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of the type of test or criteria for ab- merely to diffusion into the tissues, 
normality used. Urinary excretion is apparently not an 

What part does the liver play in important factor since Pachman^® found 
the normal glucose tolerance test? not more than 2 gm. to be excreted 
The importance of hepatic glycogen during the intravenous test in normal 
storage seems well substantiated, adults. There also is no change 'in 
Pachman^" has found experimentally a respiratory quotient nor in basal meta- 
substantial increase of liver glycogen boKc rate to indicate increased oxida- 
following the oral test, but feels tliat tion.®'^*^' 

this is not the only factor operative If the exact fate of administered glu- 
since tissue storage and utilization are cose in the body is controversial, the 
also important Moreover, RaA'din et regulation of tliis fate is even more so, 
report tliat if the diet is deficient particularly the role of hepatic func- 
in carbohydrate, tlie liver becomes de- tion. Sweeney^*' concluded that the 
pleted of glycogen. configuration of the normal glucose 

Employing the intravenous infusion tolerance cmwe is due to increased se- 

T.^ble 5. Blood Sdg.^h Values Over a 12 Hour Period After the Ixgestiox of 100 Grams 

OP Glucose 


Case 

F. 

HZ'. 

Ih. 

2h. 

3h. 

.Pi. 

6h. 

Sh. 

lOh. 

13h. 

30 

123 

180 

200 

173 

140 

120 

61 

Ill 

90 

115 

31 

00 • 

190 

148 

ISO 

100 

90 

100 

110 

73 

84 

32 

64 

164 

130 

100 

65 

70 

73 

70 

74 

60 


of glucose, Soslcen et al.^° in determin- cretion of insulin as a result of pan- 
ing the amount of glucose entering and creatic stimulation following the ad- 
leaATng the liver, found that it was ministration of glucose, resulting in the 
stored in significant amounts during rapid storage of glucose and a drop in 
the first 2 hours. However, they did blood sugar ensuing. The hypoglyce- 
not determine tlie form in which it mic phase was tliought to be due to 
was stored. Thirty minutes after tlie the over secretion of insulin, 
intravenous administration of glucose, In contrast, Soskin, Allweiss, and 
Palmer^^ was unable to find an increase Cohn^'’ obtained normal dextrose tol- 
of glucose in the fiver. Ravdin further erance curves with tlie usual hypo- 
found that liver glycogen could be in- glycemic phases in depancreatized ani- 
creased 84% by the administration of mals which, before and during tlie ex- 
intravenous glucose, or 236% when periment, were given a constant in- 
forced feeding plus intravenous glu- fusion of insulin and glucose in amounts 
cose was employed. In drawing con- which would maintain normal blood 
elusions from tliese results, the pre- sugar levels in the fasting state. They 
sumptive evidence is that a large part concluded that the liver and its homeo- 
of the glucose taken orally or intra- static mechanism was the all important 
A'enousl}' is metabolized in the liver as factor in the rise and fall pattern of 
a storage product, glycogen or a closely the normal glucose tolerance curve 
allied compound. In addition, the and not the variation in insulin libera- 
tissue metabolic factor may play a tion by the pancreas. They further 
considerable role.® McKean-® further found that if enough li\'er was re- 
points out that a large factor in the moved to cause hepatic insufficiency, 
sudden drop in blood glucose after the any degree of diabetic glucose toler- 
intravenous administration is due ance cuix^e could be produced depend- 
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ing on tlie amount of insufficiency 
produced. 

Furtlier, emphasizing the import- 
ance of the liver factor in the regula- 
tion of blood sugar levels is the work 
of Mann and Bollman.'-’ They found 
that a partially hepatectomized animal 
would not die from hypoglycemia, but 
that glucose tolerance was impaired, 
resulting in a diabetic type curve; 
whereas completely hepatectomized 
animals rapidly died of hypoglycemic 
shock even though tlie muscle glyco- 
gen content was normal. This latter 
finding, according to Peters and Van 
Slyke,^‘ is due to inadequate phos- 
phatase in the peripheral tissue to cata- 
lyze tlie phosphorj'lation and break 
down of die muscle glycogen into glu- 
cose for liberation into the blood 
stream. 

Lewis and Izume-* have shown ex- 
perimentally that in animals with liver 
damage produced by hydrazine there 
is also a resultant failure of gb^cogen 
storage in die liver after a standard 
dose of glucose, resulting in a diabetic 
hqie of glucose tolerance curi'e. How- 
ever, after a prolonged time these same 
animals developed a marked hypogly- 
cemia. This observation was substan- 
tiated by McIntosh*' in studies on ani- 
mals with liver damage due to other 
hepatoto.vic substances. Thus, there 
is failure on the part of the lii’er to 
remov'e de.vtrose from the blood when 
the sugar content is high and a failure 
to maintain normal levels when low; 
i.C; the homeostatic mechanism was 
severely disturbed. Lewis and Izunie 
also found impaired comersion of 
amino acids into glucose. Conn cf alS' 
minimized this factor in patients on 
an adequate diet. Odier obseriers 
found glucose tolerance to 
be altered in infectious hepatitis as well 
as in liver damage secondary to 
burns.’'* Therefore, it seems well es- 
tablished that the presence of an ade- 


quate amount of properly functioning 
liver tissue is necessary for tlie control 
of cai'bohydrate metaboh'sm M'hich de- 
pends on the balance between glyco- 
genesis, glycogenolysis, and glyconeo- 
genesis. 

How may tliese findings be applied 
clinically to the understanding and 
evaluation of chronic liver disease? 

Soskin^® reported abnormal glucose 
tolerance in chronic liver diseases and 
suggested that glucose tolerance be used 
as a liver function test. Jacobi*' has gone 
so far as to attempt to differentiate 
intrinsic fiver disease from tlie extrinsic 
forms such as carcinoma and common 
duct obstruction. According to his ob- 
servations, glucose tolerance is de- 
creased in both types of disease; but 
in tlie inti'insic type of patliological 
changes, he found a continued rise in 
blood sugar after 3 to 4 hours when 
employing the oral standard one-dose 
test, while in tlie extrinsic fiver dis- 
ease, tlie curve is abnormally elevated, 
but tends to fall gradually. On tlie 
other hand, Wilson** has observed tliat 
c.xtrinsic disease such as chronic, pas- 
sive congestion and obstructii'e jaun- 
dice do not appear to alter glucose tol- 
erance. Pachman”® has further con- 
cluded tliat dextrose tolerance is not a 
satisfactory aid in the differential diag- 
nosis of jaundice. 

If one notes in Table 2 the marked 
variation of glucose tolerance in tin's 
series of jiatients \vith intrinsic fiver 
disease, this latter conclusion of Pach- 
man seems justified. Tlie degree of 
impairment will depend on the amount 
of hepato-cellular damage and result- 
ant functioning reserve, rather than the 
etiological background. Since in e.x- 
trinsic fiver disease tlie hepatocellular 
damage is at a niininiuni, in compari- 
son to the damage present in intrinsic 
fiver disease, less impairment of hepatic 
function would be expected in the 
former instance. However, the degree 
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of hepato-cellular damage in intrinsic 
liver disease is so variable, resulting in 
such notable variation of glucose tol- 
erance as seen in Table 2, that it is 
understandable why this test would 
not aid in the differential diagnosis of 
jaundice. One might also note, as 
Pachman^® has already done in his 
study, that there is apparently no cor- 
relation between the degree of icterus 
and the severity of glucose tolerance 
impahment in this series. 

In addition Pachman®® has con- 
cluded that dextrose tolerance is not 
a reliable procedure for indicating im- 
paired hepatic function. This seems 
unjustified to us in view of our find- 
ings in this series, as well as the find- 
ings of others®'®’®®’^® who found the dex- 
ti ose tolerance test to be a good index 
of hepatic function, although not a 
constant one, which compares quite 
well with other well known liver func- 
tion tests. 

It is granted, as noted by Mann®^ 
and Tunbridge and Allibone,-*® that 
glucose tolerance depends on many 
extra-hepatic factors; and that glucose 
tolerance alteration is not specific for 
any disease, since it has been noted to 
be abnormal in such varied pathologi- 
cal states as diabetes, hyperthyroidism, 
nephritis, rickets, obesity, arteriosclero- 
sis, cancer, pituitar)^ disorders, arth- 
ritis, etc.®’"’’®’^® However, if these 
facts are recognized and the patient is 
evaluated with this in mind, with 
proper dietary standardization before 
the test, it appears to us that glucose 
tolerance testing may afford consider- 
able aid in e^'aluation of hepatic func- 
tion. In Table 3, it is evident that in 
the 19 patients wth cirrhosis, regard- 
less of the criteria or type of test used, 
tire incidence of impaired glucose tol- 
erance compares quite favorably \%ith 
the results of otlrer liver function tests, 
(Table 1). This seems particularly per- 
tinent to us, since glucose tolerance 


testing involves the evaluation of a 
physiological process that normally 
takes place in the liver. Disturbance 
of glucose tolerance was not a notable 
finding in the patients convalescing 
from hepatitis. 

Conn et al.,^ attempting to evaluate 
glucose tolerance in chronic liver dis- 
ease, have concluded that impaired 
carbohydrate utilization was one of 
rate rather than of total disability, 
since the blood sugar usually returns 
to normal in 4 to 5 hours. They found 
no explanation for the delay other than 
impaired glycogenesis since there was 
no change of basal metabolic rate or 
respiratory quotient to indicate change 
of metabolite or increase in the rate at 
which it was being utilized. 

These workers have also noted in 
their studies that a fasting hypoglyce- 
mia was an outstanding and constant 
finding, apparently on the basis of de- 
creased glycogenolysis, possibly a re- 
sult of decreased glycogen storage. In 
referring to Table 2, one notes that 
this finding has not been duplicated in 
owe series of patients. In an attempt 
to investigate further this factor, three 
12-hour oral tolerance tests were done. 

In Table 5 one notices the marked 
fluctuation of blood sugar over a 12 
hour period after the ingestion of 100 
gm. of glucose. This would seem to 
indicate instability of carbohydrate 
metabolic regulation or failure of the 
homeostatic mechanism of the liver. 
However, consistent hypoglycemia was 
not in evidence. 

Jacobi*' has noted other character- 
istics of the glucose tolerance curve in 
liver disease. In his study of 25 cases, 
the oral glucose tolerance test was flat, 
or had a high rise wth a fall to normal 
within 2 horus. In contrast, Wilson*® 
found that the curves of advanced cir- 
rhosis were characterized by a low 
peak, a sudden initial drop, and a very 
delayed retvun to fasting level with 
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little if any change in cases of mild 
hepatic insufficiency. 

However, when one critically ex- 
amines Table 2, it becomes apparent 
that in this series tliere is no com- 
pletely typical curve. Some curves are 
“diabetic,” others are normal, while 
others are flat, and a few have a high 
peak with a sudden drop. The most 
common abnormality is tlie “diabetic 
type” curve which in some cases may 
continue to rise even after 3 hours. The 
curves in these cases apparently differ 
in no way from those found in mild to 
moderately severe “true pancreatic dia- 
betes.” One would ordinarily conclude 
from the fasting blood sugars and 
grossly abnormal curves J;hat Cases 
8, 11, and 12 had an absolute insulin 
deficiency as well as hepatic deficiency. 
In view of the complete evaluation of 
these patients as to age of onset, 
clinical picture and laboratoty studies, 
it is the opinion of the authors that 
this was not so, but absolute proof to 
the conb'ary is lacking. None of the 
patients included in tliis series re- 
ceived insulin during their course of 
therapy despite the apparently severe 
disturbance of carbohydrate metabolic 
regulation. It should be kept in mind 
that the diagnosis in this series of cases 
was made not only on clinical grounds, 
but was confirmed by pathological 
examination of liver tissue. 

What is the most practical and valu- 
able type of glucose tolerance test to 
use as a li\'er function study? 

By reference to Table 2 we see that 
post prandial blood sugars are only a 
crude method of evaluation of carbo- 
hydrate metabolism and a poor index 
of hepatic function. 

Wilson/- using an intravenous test 
on a series of patients with chronic 
hepatoses, found a significajit number 
of cases with decreased tolerance bv 
comparison to a control series. How- 
ever, Bachman''’ thinks that the oral 


test is more significant and more phy- 
siological than tlie intravenous test. In 
his series, when the intravenous test 
was abnormal, the oral test was always 
abnormal, but frequently the oral test 
was abnormal and the intravenous test 
normal. This same fact is outstanding 
in tlie series being reWewed at present. 
In Table 3, it is evident tliat in 9 pa- 
tients the intravenous test was abnor- 
mal according to die criteria used 
(item 5). The standard and the one- 
hour oral tests (using the criteria of 
Matthews et al.) were also abnormal in 
all these cases. In addition, 6 patients 
had abnormal standard tests (2 of 
which were borderline only (Table 4)), 
and 7 had abnonnal one-hour, 2-dose 
tests. One should also note a tendency 
to blood sugar depression in tlie 3 
hour specimen of the intravenous test 
as compared to tlie same time interval 
in the standard oral test, although the 
maximum blood sugar level was much 
greater in die former. It would ap- 
pear diat die intravenous test is less 
sensitive to minor alterations of glu- 
cose tolerance and should be reserved 
for occasions when the oral method is 
impractical or when evaluation of gas- 
tro-intestinal absorption is a factor. 

Evaluation of the standard test ver- 
sus die one-hour, 2-dose test is more 
difficult. In reviewing Tables 2 and 
3 one is immediately impressed by the 
number of cases showing decreased 
glucose tolerance when the oral test 
is used, regardless of which test is 
used and which criteria are employed 
for interpretation. Of the 19 cases of 
cirrhosis and 10 of convalescent hepa- 
titis, 13 and 1 respectively showed ab- 
normal standard curves. Wfiien the 
criteria of Matthews ct ol. are used for 
interpretation of the one-hour, 2-dose 
test 13 patients with cirrhosis and 2 
cases of convalescent hepatitis revealed 
decreased tolerance, 11 of which were 
also included in the above group widi 
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abnormal standard tests. Of these 11 
patients with botli abnormal standard 
and one-hour, 2-dose tests, 9 also had 
abnormal intravenous tests as noted 
above, and 2 had normal intravenous 
tests. In addition to these 11 patients, 
if we refer to Table 4, we find 2 pa- 
tients with borderline standard tests 
who had normal one-hour, 2-dose tests. 
Only one patient had a definitely ab- 
normal standard test, witli a normal 
one-hour, 2-dose test. On the other 
hand, 4 patients had abnormal one- 
hour oral tests with normal standard 
tests. Thus, altliough the series is def- 
initely too small for significant statis- 
tical analysis, if we accept the standard 
test as a point of reference for com- 
parison, tliese results would seem to 
indicate tliat the one-hour, 2-dose test 
is either too variable, or the existing 
criteria for interpretation are too rigid 
so tliat tlie accuracy of this test cannot 
be accepted as valid. Therefore, tlie 
standard oral test remains tire most 
valid approach to the determination of 
glucose tolerance. This conclusion 
bears out a similar observation made 
by the autliors on 103 control cases.^“ 
Conclusions, 1. Carbohydrate metab- 


olism is disturbed in chronic. hyer dis- 
ease, resulting in decreased glucose 
tolerance. 

2. The glucose tolerance test ob- 
tained following a standardized die- 
tary preparation is a satisfactory method 
to aid in the evaluation of liver func- 
tion and compares quite favorably with 
other methods in present use, having 
the advantage of being a physiological 
evaluation. 

3. Although the standard, one-dose 
test and the one-hour, 2-dose test are 
somewhat comparable, the standard 
test is apparently the more valid in 
determining abnormalities of glucose 
tolerance. The intravenous test is in- 
ferior to the oral glucose tolerance test 
as an index of hepatic function and 
only under special circumstances is it 
of use as an adjunct to the oral test 
methods. 

4. If a rtiinimum of venipunctures is 
desired, the fasting and the 2-hour 
blood sugars, otherwise employing the 
technique of the standard test, would 
appear to be most valid. 

5. The most efficacious procedure in 
drawing definite diagnostic conclusions 
of hepato-cellular pathology is the 
liver biopsy. 


The authors wish to express appreciation to James A. Green, M.D., Professor of Medicine, 
Baylor University; David Sacks, M.D., Medical Consultant; Carl F. Schmidt, M.D., Professor 
of Pharmacoiosy, University of Pennsylvania; and John G. Knauer, Colonel, Chief of Medicine, 
Brooke General Hospital for their advice in organizing this material. 


REFERENCES 

1. Allen, F. M.: Studies Concerning GIvcosuria and Diabetes, p. 1050, Boston, W. M. 
Leonard, 1913. 

2. Beeler, C., Bryan, A. W., Cathcart, E., and Filz, R.: J. Metab. Res., 1, 549, 1922. 

S. Coller, F. A. and Jackson, H. C.: J. Am. Med. Assn., 112, 128, 1930. 

4. Coller, F. A., and Troost, F. L.: Ann. Surg., 90, 781, 1929. 

5. Conn, J. W.: Am. j. Med. Sci., 199, 5.55, 1940. 

6. Conn, J, W., Newburgh, L. H., Johnston, M. W., and Sheldon, J. M.: Arch. Int. Med., 
C2, 765, 1938. 

t . Cramer, W., and Krause, R. A.: Proc. Roy. Soc. London S. B., 86, 550, 1943. , 

S. Exfon, W. C., and Rose, A. R.: Assoc. Ufe Ins. Med. Dir. Am., 21, 254, 1934. 

9. Foley, E. F., Keeton, R. 5V., Kendrick, A. B., Darling, D.: Arch. Int. Med., 60, 64, 1937. 

10. Folin, Otto, and Wu: J. Biol Chcm., 38, 81, 1919. 

11. Foster, G. L.: J. Biol. Chem., 55, 291, 192.3. 

12. Gilbert, M., Schneider, H., and Bach, J. C.: J. Biol. Chem., 67, 629. 1926. 

13. Gotfardo, P.. and Winters, W.: Am. J. Med. Sci., 204, 205, 1924. 

14. Could. S., Altshuler, S. S., and Mcllcn, H. S.: Am. J. Med. Sci., 193, 611, 1937. 

15. Gray, II.; Arch. Inf. .Med., 31, 241, 192.3. 



1926 

A«„., 


26 P 

imt ;. D,i c, ., ; ’ -'fe 

li- - )V -' T-o Bo P , E. c , 

,3S- S’ k 194^^> P.: ^^'orogoor/ ^ ^ 

S' ?-2v g- sSjJf/;. iio’Sl’affo, D.J.. '’■ '"'■ «“»<)*,„„ Burs. 

s z£f’''^B£i?£on,1i^/!'^ft“S 'S?Vo„i'& A>’,™ E Prfc, ; 



PROGRESS 

OF 

MEDICAL SCIENCE 

DERMATOLOGY AND SYPHILOLOGY 

UNDER THE CHARGE OF 

JOHN H. STOKES, M.D. 

HERMAN BEERMAN, M.D. 

AND 

NORMAN R. INGRAHAM, JR., M.D. 

EMERITUS PROFESSOR AND ASSISTANT PROFESSORS, RESPECTIVELY, DEPARTMENT OF 
DERMATOLOGY AND SYPHILOLOGY, SCHOOL OF MEDICINE, UNIVERSITY 

OF PENNSYLVANIA 

THE VISCERAL MANIFESTATIONS OF SCLERODERMA 
A REVIEW OF THE RECENT LITERATURE 

By HERMAN BEERMAN, M.D. 

PHILADELPHIA, PENNSYLVANIA 

Visceral manifestations of scleroder- to the possibility of associated internal 
ma have been recognized for more lesions, we propose to survey some of 
than 50 years, but little attention has the recent literature dealing with these 
been paid to tliem in discussions of visceral complications of difFuse sclero- 
this disease either in dermatological derma. 

or in general medical texts. Perhaps The systemic character of sclero- 
much .of this relative inattention may derma is suggested by the definition of 
be due to the infrequent occurrence of tliis disorder given by Becker and Ober- 
scleroderma but undoubtedly some of mayer^ which is a modification of that 
it is the result of general lack of ap- proposed by Ehrmann and Briinauerd® 
predation of tlie multitudinous visceral “Generalized scleroderma is not strictly 
manifestations such patients may pre- a dermatosis, but rather a disease of 
sent. Furthermore, it is assumed that the connective tissue of various organs 
tlie development of symptoms referable and systems, tlie skin, subcutaneous 
to one or another internal organ of a tissues, the muscles, bones and joints, 
patient suffering from scleroderma does tendons and fascias, tlie serous sur- 
not necessarily imply that the , lesion face, internal organs, endocrine glands 
of the affected organ is sclerodermatous and nervous system. The patient first 
in nature, especially if there is little notes the surface alterations, conse- 
cutaneous involvement. Therefore, be- quently the dermatologist is usually 
cause detailing of tlie internal mani- first consulted.” 

festations of generalized scleroderma The variety and types of lesions 
may stimulate the internist to be on found in scleroderma in the past are 
the lookout for cutaneous lesions of indicated by the findings in autopsies.’" 
this process and alert tlie dermatologist The muscles show increased connec- 
(45S) 
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tive tissue, liistologically (interstitial 
myositis). The muscle vessels show 
severe changes, even to localized arte- 
rial obliteration, proliferation of tlie 
media as well as thickening and round 
cell infiltration of the adventitia. The 
capillaries often appear like long solid 
cellular strands. Tlie veins show only 
endodrelial proliferation. Tire muscle 
bundles are secondarily altered and 
.show vacuoles as well as signs of atro- 
phy. Changes in tire bones include 
fusions of the periosteum with the 
surrounding soft parts; tire periosteum 
may be easily stripped or be bound 
down by young fibrous tissue. There 
are also changes in the bone cortex 
and marrow. The marrow may be 
aplastic so drat hematopoietic tissue 
may regenerate in tire spleen and en- 
large it. The splenic blood vessels are 
also severely damaged. Similar changes 
occur in joints. All studies of the in- 
ternal organs show the same features— 
edematous infiltration, cellular infiltra- 
tion and proliferation of the connective 
tissue which is followed by atrophic 
changes in the parenchyma. Blood 
vessels of all tj^res are badly damaged. 
In tlie older literature tliere are re- 
ferences to affection of the heart (endo- 
cardium, valves, pericardium and myo- 
cardium), lungs (increase in interalve- 
olar connective tissue and sei'erel}' 
damaged blood I'cssels); liver, kidneys 
and spleen, li'miihatic \'essel s)’stem 
(occlusion of ductus tlioracicus as well 
as nodular formations in the lym- 
phatics); tliyroid gland (atrophy or 
gross changes, but microscopically dem- 
onstrable connective tissue increase, 
and blood vc.ssel injury); nerious sys- 
tem, peripheral and central (neuritis 
and degenerative changes, increase in 
connective tissue and thickening of 
the nerve sheaths in peripheral nerves 
and various proliferative and degenera- 
tive changes in the central nervous 
system). Ears and eyes haN'e also been 


involved, Tlie latter may show bilat- 
eral cataract as well as less serious 
involvement, 

Tlie recent excellent study of Goetz-' 
shows the great variety of lesions a 
single patient may present. He found 
for example, that his patient had tlie 
following sclerodermatous changes; 
Raynaud’s phenomenon and pin point 
ulcers in various digits; on tlie skin, 
scleroderma; telangiectasia and calcino- 
sis; gastrointestinal complaints, dyspha- 
gia and symptoms referable to esopha- 
geal ulcer, with radiologic demonstra- 
tion of dilatation of middle third and 
narrowing of lower third of tlie esopha- 
gus, esophageal ulceration, lack of 
peristalsis and stasis in the duodenum, 
small and large bowel, with dilatation 
of individual loops of small bowel and 
extreme narrowing of part of the large 
bowel (findings were confirmed at 
autopsy); atrophy and fibrosis of mus- 
cles, extensive myocardial fibrosis of 
unusual type which had given various 
clinical evidences of heart involvement; 
marked changes in the kidneys, liver, 
spleen and lungs; and constitutional 
and hormonal disturbances; that is, 
marked loss of weight, pigmentation, 
loss of axillary and pubic hair and 
amenorrhea. 

In passing it may be noted that if 
the infectious cause of scleroderma as 
claimed by \Vuerthele-Caspe, Brodkin 
and Mermod'"' were established, the 
development of widespread lesions 
w'ould be easy to understand. Furtlier- 
more, it may be stated that the diffuse 
involvement of the collagen system, 
such as is also seen in disseminated 
lupus erythematosus, dennatomyositis, 
periarteritis nodosa, need not imply a 
single cause for all these lesions though 
it strongly suggests a common patlio- 
gcnetic denominator.'''-''^'^''’-®'^’ 

Let us now consider what is regarded 
by dermatologists as diffuse or gen- 
eralized scleroderma from the clinical 
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standpoint and also its relation to 
acrosclerosis. 

In most cases of diffuse scleroderma 
the process starts on the hands and feet 
widi a somewhat later and slower 
involvement of tlie face. Three stages 
can be distinguished chnically: the 
edematous, the indurative and die 
atrophic stage. The initial edema does 
not pit on pressure. The skin appears 
tense and cannot be folded. The face 
assumes a mask-hke expression; the 
regular folds smooth out. In the sec- 
ond phase the skin hardens and stiffens. 
This is particularly pronounced on the 
fingers, on the dorsa of the hands and 
in the region of the ankles. Hyper- 
pigmented and depigmented spots ap- 
pear in this stage. In die diird stage 
the tips of the fingers become smaller 
and pointed, and the fingers are im- 
mobilized in a flexed position. The 
face, die nose, the ears, and die lips 
become gradually smaller and thinner. 
Ectropion develops, due to atrophy of 
die lids. All mucous membranes of 
the mouth (tongue, hard and soft palate 
and gums) may be involved in the 
indurative and atrophic process. Ul- 
cers, probably due to tension and defi- 
cient circulation, develop mainly on the 
finger-tips, die elbows and the ankles. 

For the purpose of this review we 
have assumed that scleroderma and 
acrosclerosis are die same disease, 
diough Sellei,®'”-'’’*'''’ O’Leary” and 
others maintain diat they are different. 

In addition to the specific sources of 
information to be mentioned, special 
note should be made here of 3 im- 
portant contributors to our present 
knowledge. Tlie chapter in Jadassohn’s 
Handbuch by Elirmann and Briinauer 
is die summary of die lifetime effort 
of Ehrmann in this disease. Paul A. 
O’Learj’ of the Mayo Clinic has widi 
his collaborators devoted more than 
20 years to the furdierance of our 
knowledge of scleroderma, and allied 


diseases. Robert H. Goetz of the De- 
partment of Surgery, University of 
Gape Town and the Groote Schuur 
Hospital, Cape Town, has contributed 
a massive compilation of the knowl- 
edge of die visceral comphcations of 
diis disease. Some of the views of 
diese individuals are cited in extenso. 
No definite attempt is made to evaluate 
the various visceral manifestations from 
the standpoint of frequency of their 
occurrence or importance. Thus the 
extent of the discussion of a particular 
visceral manifestation in no way im- 
plies a special importance of diat mani- 
festation from the chnical or other 
aspect. 

Pulmonary Lesions of Scleroderma. 
This subject has been reviewed recently 
by Dostrovsky^^ of Jerusalem, under 
die title of “Progressive Scleroderma 'of 
the Skin with Cystic Sclerodermal 
Changes of the Lungs.” Previously 
pulmonary changes had been men- 
tioned by Finlay,^® von NotfhafEt,®® 
Matsui,'*® Kraus®® and Ehrmann and 
Briinauer®® and Linenthal and Talkov.^® 
More recently, references to pulmonary 
findings were made by Jackman,®® Hale 
and Schatzki,®' Weiss, Stead, Warren 
and Bailey,®® Kanee,®® Pugh, Kvale and 
Margulies®® Goetz,®® Getzowa,®® Mur- 
phy Krainin and Gerson,®® and .Bevans.® 
Bevans points out that in one of her 
cases (Case 2) the anatomic lesions of 
the lungs were out of all proportion 
to the clinical and radiological find- 
ings. The vascular changes in the 
lungs were more extensive tiian those 
found elsewhere. In her other case 
(Case 1) the changes were slight and 
confined to the periphery of the lungs 
at the bases. She points out that 
although fibrosis of the lung is fre- 
quently described in general sclero- 
derma, practically no mention is made 
of pulmonary insufficiency. Pugh and 
his associates believe that the pulmo- 
nary lesions of scleroderma have a 
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roentgenograpliic appearance which is 
distinctive though diflBcult to describe; 
their Figure 1 is labeled “Pulmonary 
fibrosis due to scleroderma.” 

In his detailed study, Dostrovsky’^^ 
described peculiar pulmonary changes 
found in 3 cases of progressive sclero- 
derma, reference to which had not 
been found in the literature. Because 
of pulmonary symptoms, 2 of tlie pa- 
tients (Cases 1 and 3) were ti-eated for 
tuberculosis. The roentgenograms 
showed peculiar changes of varying 
intensity, the correct interpretation of 
which was only made possible later by 
the autopsy findings. Getzowa-*' ex- 
plained the formation of sclerotic cysts 
in the lungs as follows: “Disappearance 
of alveoli in the parenchyma and re- 
placement by bronchiolar proliferation 
have taken place, the latter becoming 


fibrous solidification, are not rarities. 
They probably represent the final stage 
of pulmonary sclerosis. 

Esophagus. Esophageal complaints 
in patients witli generalized scleroder- 
ma are relatively frequent and often 
an early sign of tlie disease. Olsen, 
O’Leary and Kirklin in 1945"''* summa- 
rized the data on cases reported in the 
literature to tliat time as follov^s: 

Their own e.vperience, based on 350 
cases of scleroderma and acrosclerosis, 
added 36 cases (approximately lO^o), 
Their differentiation of diffuse sclero- 
derma from scleroderma with Ray- 
naud’s syndrome (acrosclerosis), was 
tliought to be unnecessary by Lindsay, 
Templeton and Rotliman,'*"’ since acro- 
sclerosis is, according to them, identical 
with diffuse or generalized scleroderma 
with sclerodactjdia. As Olsen, O’Leary 


TABLE 1. SUMMARY OF DATA CASES REPORTED IN THE LITERATURE 
OF SCLERODERMA WITH ESOPHAGEAL LESIONS 


Total cases reported 32 

Sex: male 7, female 25. 

Dermatologic classification 27 

Acrosclerosis 21 

Scleroderma (generalized) 4 

Acute edematous scleroderma 1 

Localized scleroderma 1 

Roentgenologic features 24 

Stenosis in lower part of csopliagus 8 

Retardation, lack of motility 11 

Dilatation or cardiospasm 5 

Esopliagoscopic features 8 

Stenosis in lower part of esophagus 5 

Changes restricted to esophageal walls 3 

Cases with necropsy 8 


piogrc.ssivcdy subject to cystic disten- 
tion. The disai^pearance of alveoli is 
caused b\' a fibrous process of the al\-e- 
olar walls, with subsequent dissolution.” 

Getzowa also described in addition 
to this “pulmosclerosis cystica,’ ‘ pulmo- 
sclerosis conqxacla,” consisting in dis- 
appearance of alveolar parenchj'ina as 
the result of progressi\e alveolar fib- 
rosis without cyst formation. Dos- 
trov.sky belie\ed that the pulmonary 
lesions were specific symptoms of the 
piogressi\ e sclerodermal syndrome and 
that both tx'pes, cystic sclerosis and 


and Kirklin did not separate the two in 
tlieir analysis of the literature, the pres- 
ent discussion will perforce follow 
their line since careful dermatologic 
differentiation is not always possible 
from the data submitted. From their 
own material, the\‘ were convinced 
that e.sopliageal disturbances occur al- 
most exclusively in cases of acrosclero- 
sis rather than in those of generalized 
oi diffuse scleroderma, 

Tlie first reference to esophageal 
complaints (d\sp!iagia) in acute scle- 
roderma was made b\- Ehrmanir' 
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whose monumental chapter with Brii- 
nauer in the Jadassohn Handbuch is 
a storehouse of information on this 
disease. He made an esophagoscopic 
study of tile patient and observed 
changes in tlie esophageal wall. In 
1916 Schmidt®^ reported the roent- 
genologic appearances in a patient 
suffering from scleroderma and dys- 
phagia, and although he found no le- 
sion, there was delay in passage of the 
barium into the stomach. In 1923 
Schwarz®® described esophagitis in scle- 
roderma. In 1930 Nomland®^ observed 
dilatation of the esophagus by means 
of roentgen study. Rake®® in 1931 de- 
scribed gross and microscopic post- 
mortem findings in a case of scleroder- 
ma in which there had been contrac- 
tion in the lower end of the esophagus 
roentgenologically; . 6 years earher the 
organ showed dilatation, with no mus- 
cular hypertrophy. In its upper third 
erosions were present in an intact 
mucosa, but in the middle and lower 
thirds tlie mucosa was lacking (post- 
mortem digestion?). The submucosa 
ivas thickened and infiltrated with cells, 
chiefly mononuclear and polymor- 
phonuclear in type. In 1932 Fessler 
and Pohh' reported regional stenosis 
in the lower end of the esophagus. 
They had also reviewed tlie hterature 
to that time and found that the esopha- 
geal lesions had been called cardio- 
spasm (Nomland), esophagitis (Sch- 
warz), diverticulum (Ehrmann) and 
atony (Schmidt). 

Other reports of from 1 to 36 cases 
(Olsen et al.) have appeared: Tsukaday® 
Kure; Yamagata; Tsukada and Hiyoshi;^® 
Hiyoshi;®" Weissenbach et Hoe- 
sli®' (a thesis on functional disturbances 
and lesions of the esophagus in sclero- 
derma); M^eissenbach, Martineau, Bou- 
wens, Pizon and Matteo;"® Barasciutti;® 
Ochsncr and DeBakev;®^ Dowling;®® 
Goetz and Cole Rous;®® Thomas;®® Jack- 
man;®® Lindsay, Templeton and Roth- 
man’® (5 cases of lesions of the esopha- 


gus in generalized progressive sclero- 
derma with detailed literature); Weiss, 
Stead, Warren and Bailey;®® Hale and 
Schatzki;®® Xanee;®® Pugh, Xvale and 
Marguhes;®® Bevans;® Olsen, O’Leary 
and Kirklin;®® Goetz;®® Rafsky and Her- 
zig;®® Schatzki;®* and Dostrovsky.®® 
The papers of Lindsay, Templeton 
and Rothman, Olsen, O’Leary and 
Kirkhn, and of Goetz deserve full 
study by the reader. 

There is general agreement in the 
literature that the esophageal processes 
associated with scleroderma are the 
result of the presence of scleroderma- 
tous changes in the %valls of the esopha- 
gus. While there may be differences 
resulting from individual variation in 
the patients studied, there is on the 
whole agreement upon the findings. 
Most of the patients suffering from 
scleroderma or acrosclerosis with 
esophageal disturbances are women. 
This may be merely a reflection of the 
greater incidence of scleroderma in 
women. Weissenbach et oL,®®'®° 16 of 
18 cases were women; Hale and 
Schatzki, 15 of 22 patients were women; 
Olsen, O’Leary and Xirkhn (literature) 
25 female and 7 male; (personal cases) 
36 cases— 24 female, 12 male). The 
patients complain of progressive dys- 
phagia in some cases early in the dis- 
ease. Weissenbach et al., however, 
believe that the dysphagia is an early 
symptom only if the face and oral 
cavity are involved early. Hale and 
Schatzki found that 15 of 22 patients 
had no definite swallowing symptoms, 
while dysphagia was present in i ■ 
Lindsay, Templeton and Rotliman 
noted considerable variation in tlie 
severity and the time of onset of 
esophageal symptoms and considered 
this as characteristic. Only one of 
their 5 patients volunteered any com- 
plaints referable to swallovdng. In 
the remaining 4 cases the symptoms 
were brought out on questioning but 
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die pain and discomfort from the cu- 
taneous lesions caused the difficulty in 
swallowing to be overlooked. These 
authors worked out changes in mus- 
cular movements observed by fluoro- 
scope and their findings will be dis- 
cussed later. Olsen, O’Leary and Kirk-' 
lin found the esophageal disturbance 
responsible for the symptoms of which 
the patient complained primarily.. Ac- 
tually diey believed the esophageal 
disturbance was most often a delayed 
manifestation of the- disease (Cf. Hoe- 
sli). Goetz showed the range of symp- 
toms referable to invoh'ement of die 
esophagus as exemplified by the find- 
ings in one of his patients. “The 
esophageal disturbances in our patient 
consisted in difficulty in swallowing, 
die sensation of blockage behind die 
sternum associated with cramp-like 
burning pain; nausea and regurgitadon 
followed by relief on vomiting/’ 

'Tile radiologic findings in the esopha- 
gus have long been reported on. 
Among those who have paid special 
attention to this aspect of die problem 
are Schmidt, Kure ct al, Weissenbach 
ct al., Weiss et al., Ochsner and De- 
Bakey, Jackman, Goetz (Goetz and Cole 
Rons"), Lindsay, Templeton and Rodi- 
man; Olsen, O’Leary and Kirklin; Hale 
and Schatzki; and Schatzki. 

In 1916 Schmidt®® studied a patient 
suffering from scleroderma and dys- 
phagia and noted delay in the passage 
of barium sulfate (15 minutes was re- 
quired for passage of the barium into 
the stomach). Kurc and liis associates"' 
made roentgeii-ra\' studies in 5 patients 
with scleroderma. Only 2 of them 
complained of dysphagia but in all 
there was great retardation in the pas- 
sage of a test meal especially when the 
patient was in the dorsal decubitis posi- 
tion. The greatest delay was in the 
cardia. \\'‘eissonbacli and his asso- 
ciate.s. using Knre’s technic, found in 
addition to the retardation of the bolus. 


that the normal peristaltic movements 
were absent and tiiat there were a gap- 
ing of tlie esophagus and a tendencj' 
for the barium meal to adhere to tlie 
walls of the esophagus. Weissenbach, 
Stewart and Hoesli*^® summarized tlie 
roentgenographic findings in their cases 
as follows: 1) normal morphologic ap- 
pearance of the esophagus; 2) retarded 
and complete descent of the opaque 
bolus with partial adherence to the 
esophageal wall; 3) accentuation of 
findings in tlie recumbent position and 
4) evidence of esophageal blockage in 
some cases without clinical and sub- 
jective symptoms. Lindsay, Templeton 
and Rodiman on die basis of their 5 
cases stated diat die esophageal dis- 
turbances are characterized by “loss of 
peristalsis in die lower two diirds, with 
relaxation and mild dilatation of die 
lower tivo diirds. down to the phrenic 
ampulla, and probably some atony of 
die cardiac sphincter. This occurs as 
a direct result of the sclerodermatic 
process. Difficulty in swallowing solids 
or liquids especially when in the lying 
position, due to delayed emptying of 
the esophagus, burning pain behind 
the sternum about an hour after meals, 
worse on lying dowm and particularly 
on lying on the left side, due probably 
to regurgitation of gastric contents into 
the esophagus, and resulting chronic 
esophagitis, chronic ulceration of die 
lower third of the esophagus, localized 
chiefly to the region just above the 
phrenic ampulla. This is probably a 
direct result of the esophagitis with 
sclerodermatic changes as a predispos- 
ing factor. Stricture formation in the 
later changes is limited to the region 
immediately above the phrenic ampulla 
of the esophagus.” 

Dilatation of the esophagus with 
retardation of barium at the cardia was 
noted by Rake,®'- by Nomland'- and by 
Jackman/® as well as bj' Rafskj' and 
Herzig'"- who spoke of cardiospasm. 
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Stenosis of the cardiac end of tire 
esophagus has been noted fairly often 
(Dowling; Fessler and Pohl; Lindsay, 
Templeton and Rothman; Olsen, O’- 
Leary and Kirldin; Weiss et al.). Goetz 
noted dilatation of the middle third of 
the esophagus, naiTOwing of the lower 
third; delay in emptying and residual 
food and mucus as well as ulceration. 

The roentgenologic appearance of 
tlie esophagus in scleroderma has been 
tlie interest of Hale and Schatzid. 
These radiologists, during tire 5 years 


an abnormal esophagus. Eight patients 
who were without symptoms showed 
abnormalities. There was no correla- 
tion of the extent of the cutaneous and 
esophageal changes. While the roent- 
genologic appearances of the abnormal 
cases were not uniform, they showed 
a distinct pattern consisting mainly in 
delayed emptying, combined with a 
decrease in the peristalsis of the esopha- 
gus) (Cf. Lindsay et al.). Olsen, O’- 
Leary and Kirklin noted conclusive 
roentgenographic features in 15 cases. 


TABLE 2. DATA CONCERNING THIRTY-SIX CASES OF ACROSCLEROSIS OR 
SCLERODERMA IN WHICH THERE WERE ESOPHAGEAL 
SIGNS OR SYMPTOMS 

I. 18 cases rvitli positive roentgenographic or endoscopic observations 

A. Age distribution: 34 to 61 years 

B. Sex: female 13, male 5 

C. Dermatologic diagnosis: acrosclerosis, 18 

D. Roentgenologic diagnosis, 18 cases 

1. Esophageal dilatation or cardiospasm, 6 

2. Hiatal hernia, 9 

3. Negative results of examination, 3 

E. Esophagoscopic diagnosis, 8 cases 

1. Hiatal hernia (corroborated roentgen diagnosis), 5 

2. Sclerodermic involvement in patient with esophageal dilatation (by roentgen 
study), 1 

3. Sclerodermic involvement of esophageal wall not shown by roentgenologic ex- 
amination, 2 

F. Passage of sounds, 7 cases 

1. Diagnosis and treatment of cardiospasm, 3 

2. Dilatation of stricture associated with hiatal hernia, 4 

II. 6 cases with negative roentgenographic findings and no endoscopic studies 

A. Age distribution: 23 to 60 years (average 44) 

B. Sex: female 2, male 4 

C. Dermatologic diagnosis: acrosclerosis 4, scleroderma 2 

III. 12 cases with neither roentgenographic nor endoscopic studies 

A. Age distribution: 17 to 66 years (average 35) 

B. Sex: female 9, male 3 

G. Dermatologic diagnosis: acrosclerosis 11, scleroderma (acute), 1 

* In 2 of tliese cases esophagoscopic e.xamination demonstrated changes in the esophageal 
wall. In the remaining case a diagnosis of cardiospasm was made by passage of sounds. 


prior to publication, studied tlie upper 
gastrointestinal tract of 22 patients xvitli 
scleroderma of variable duration. As 
noted above, only 7 of the patients had 
definite dysphagia although in 6 of the 
asymptomatic group careful question- 
ing disclosed that a sensation of ma- 
terial remaining in the mid chest and 
occasionally localized burning or pain 
following tlie hurried ingestion of food, 
or after eating a large meal had been 
noticed. Five of 7 with dysphagia had 


Their findings are summarized in the 
table. 

Esophagoscopy is rarely practiced on 
patients with scleroderma, according 
to Weissenbach, Stewart and Hoesli,^” 
because of narrowing of the oral orifice 
and atrophy of the buccal mucosa. 
Nonetheless there are observations on 
a few patients obtained by this means. 
Ehrmann’^ noted tliickening of the 
esophageal wall; Schwarz described 
esophagitis; Lindsay, Templeton and 
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Rothman in repeated study of 4 of 
their 5 patients found inflammatory 
changes in the lower two thirds of tlie 
esophagus, with a diffuse white mem- 
brane in the lower part of die esopha- 
gus, about 4 or 5 cm. above tlie dia- 
phragmatic level. Goetz recorded spasm 
ou withdrawal of a dilator which passed 
easily into tlie stomach. Olsen, O’- 
Leary and Kirklin performed esopha- 
goscopic examination in 8 cases, and 
passed esophageal sounds in 7 of the 
IS cases in which roentgenographic or 
endoscopic evidence was conslusive, 
over previously swallowed tlireads. 

Histologically the changes in tlie 
esophagus have been studied, by Rake; 
Weissenbach et al.; Kure et ai; Freud- 
entlial;^” Lindsay, Templeton and Rotli- 
man; Goetz, and by Bevans, and 
Ochsner and DeBakey. All found ero- 
sion of tlie mucosa, tliickening of tlie 
submucosa, liyperh’opliy of the mus- 
cularis mucosae and atrophy of tlie 
muscular coats. Thomas reported an 
acute ulcer in his case. Goetz was tlie 
first to describe leukoplakia and calci- 
fication. Other findings in Goetz’s case 
were marked hypertrophy of the mus- 
cularis mucosae, the presence of lyni- 
phorrhages, the marked disintegrative 
changes in the muscular layers (m>’ 0 - 
sitis), the extensive involvement of tlie 
myenteric plexus. Freudenthal had de- 
scribed h'lnpliorrhages as a feature 
common to the muscular lesions of both 
.scleroderma and derma to my os it is. 
Clinically, S of Goetz’s 13 cases were 
allccted with similar changes. All 3 
cases coming to autopsy showed chronic 
ulcus. 

Bevans*^ found replacement of the 
mucosa of the esophagus by fibrinoid 
material, the submueosa sclerotic, mus- 
cle layers atrophic and extremely fi- 
brosed (Cf. Rake). 

Difierontiation of the esophageal 
complaints must be made from cardio- 
spasm. hiatal hernia, shortening of the 


esophagus as it occurs in persons who 
are obviously normal. Gomplete dis- 
cussion of die differential considera- 
tions of diese processes from the or- 
ganic changes in die esophagus in 
scleroderma is contained in the study 
of Olsen, O’Leary and Kirklin. 

Lower Gastrointestinal Tract. Rela- 
dvely little mention has been made in 
die hterature about involvement of die 
gastrointestinal tract in scleroderma. 
Goetz stated diat when he and Cole 
Rous in 1942 reported dieir case of 
scleroderma widi duodenal stasis, the 
first in which die features of small 
bowel lesions were demonstrated radio- 
logically, they could find only 2 similar 
lesions in die literature (Kraus,®® 
Rake®®). Since then odier reports have 
appeared. Hale and Schatzki and later 
Schatzki described the roentgenological 
appearance of the gastrointestinal tract 
in scleroderma. A summary of their 
findings follows: 

The Stomach. The stomach was ex- 
amined in 22 padents. In some cases 
there was considerable delay in empty- 
ing; in some diere was spasm of die 
antrum. The audiors thought the signi- 
ficance of these changes, however, is 
doubtful. 

The Small Intestine. Four of the IS 
jiatients in whom the small intestine 
was studied showed remarkable 
changes roentgenologically. In 1 of 
die 4 cases the intestinal symptoms and 
the appearance of the intestine stood 
in the foreground, and the presence 
of scleroderma was discovered later 
more or less accidentally, whereas in 
the 3 other cases scleroderma iiad been 
present for many years. The small in- 
testine showed significant changes in 
4 patients. There was localized widen- 
ing. usually of the proximal loops, to- 
gcdier with marked delay in the pas- 
sage of barium through the.se dilated 
loops. Recognition of these changes 
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in the small intestine appears to be 
of particular clinical importance. 

The Large Intestine. Two of the pa- 
tients with scleroderma showed an un- 
usual appearance in the large intestine 
which is diEBcult to explain on the basis 
of any other pathology, and the authors 
tlierefore assume tliat it is related to 
tlieir scleroderma. 

Pugh and his co-workers in 1945®^ 
also reported on a patient witli gastro- 
intestinal involvement. They found 
tliat peristalsis in the small intestine 
was definitely sluggish and segments 
were seen to remain without normal 
contractibility for a considerable period 
before inefiFective peristalsis would be- 
gin again. The relative lack of con- 
tractibiUty was seen especially in the 
terminal portion of the ileum. 

Bevans® has made a study of the 
pathology of scleroderma with special 
reference to the changes in tlie gastro- 
intestinal tract. In both of her cases, 
the remainder of the gastrointestinal 
tract showed extensive, although 
patchy, changes. Tliere was but fitde 
thickening of the submucosa in either 
case. There was diffuse dilatation of 
the colon demonstrated by barium 
enema in her Case 1 because of mus- 
cle atrophy. (Matsui mentioned hyper- 
trophy of the muscularis mucosae but 
atrophy of tlie muscularis propria.) 
In Bevans’ cases either no change in 
tile muscularis mucosae or atrophy was 
observed. Edema was present in the 
muscularis adjacent to areas of muscle 
atrophy. Tliis latter change is in ac- 
cord with tlie general pattern of the dis- 
ease as it is seen in tlie skin in tlie form 
of edema, indurations and atrophy. 
There were outstanding vascular al- 
terations in the gastrointestinal tract. 
Bevans cites a third patient with dif- 
fu.se scleroderma, under observation 
for 3 years in the Goldwater Memorial 
Hospital, who developed signs of in- 
testinal obstruction. Adhesions be- 


tween intestinal loops were found at 
operation. No point of obstruction 
was determined but the small intestine 
was diffusely dilated. Death followed 
12 hours later but no autopsy was 
performed. 

Goetz believes that the gastrointes- 
tinal lesions in cases of scleroderma are 
not as rare as the Hterature would 
make us believe and it appears from his 
cases that duodenal stasis is, fike 
esophaegeal spasm, one of the earher 
visceral manifestations of diffuse scle- 
roderma. Five of his cases had identi- 
cal pronounced changes in the intes- 
tinal tract. Tlie most prominent radio- 
logical appearances were paralysis and 
lack of peristalsis particularly affecting 
die duodenum and the jejunum with 
locahzed widening of individual loops 
and breaking up of the barium. In one 
case this was so marked tliat there was 
a duodenal residue after 24 hours and 
in another case the dilatation involved 
the whole small bowel so that the diag- 
nosis of paralytic ileus was made at the 
time and laparotomy contemplated. 

In the large bowel tlie most charac- 
teristic lesion on radiological examina- 
tion according to Goetz, was narrow- 
ing and rigidity and the appearance 
of sacculation. However, this narrow- 
ing may not be confined only to tlie 
large bowel and in one case Goetz saw 
it in the terminal ileum, simulating re- 
gional ileitis. When fiirst observed, 
these features were very puzzling and 
disputable, but when at autopsy nar- 
rowing and dilatation could be con- 
firmed in all cases it became evident 
that tliese changes had to be regarded 
as integral and important clinical fea- 
tures of scleroderma. 

In one patient studied in detail there 
were the following pathologic changes: 

1, marked atrophy of the bowel wall; 

2, fibrous replacement of muscle fibres 
with occasional lymphocytic and plas- 
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ma cell infiltration; 3, prominence of 
the neuromuscular apparatus. 

Tile prominence of tlie neuromus- 
cular apparatus was accompanied by 
a conspicuous absence of ganglion cells 
and fibrosis in some cases. This sug- 
gested to Goetz diat tlie motor activity 
of tlie bowel was interfered with by 
some intrinsic nervous disorder brought 
about by the affection of the intra- 
mural neuromuscular apparatus, simi- 
lar to what he had seen to be tlie case 
in the esophagus. In this connection 
Goetz calls attention to the investiga- 
tions of Rake (1926, 1927) and Etzel 
(1942) in cases of achalasia of the 
esophagus. These authors regularly 
found fibrosis of the myenteric plexus 
with poverty of ganglion cells. Etzel 
(1942) suggested vitamin B deficiency 
as the responsible etiological agent. 
However, none of Goetzs patients 
showed signs of any of the knowm vita- 
min deficiencies. Indeed, if any signs 
of avitaminosis had developed one 
would not have been surprised in a 
case which suffered from difficulty in 
swallowing for 14 years. Howei'er, 
the radiological appearances of the 
bowel are very similar to those of a 
vitamin deficiency. For this reason 
all of Goetz’s patients were treated in- 
tensively with all known vitamins witli 
no effect except in one case in which 
duodenal stasis was present before, but 
al)scnt after treatment. In this patient 
leukoplakia of the esophagus was 
found, pre.scnt ever since the time she 
first complained of dysphagia, achlor- 
hydria was present. Howc\'er. the 
blood was always normal. 

In passing, it is worthy of note that 
little has appeared in the literature 
recently on hepatic involvement by 
scleroderma. For example, Harvier 
and Bonduclle"' observed a case of 
progressive scleroderma with hepa- 
tclicnal calcification and in 1934 Mil- 
bradt^’’ presented a patient with at.\-pi- 


cal diffuse scleroderma witli Osier’s 
syndrome (telangiectasia) and hepatic 
disturbance. 

Cardiovascular Involvement. A va- 
riety of circulatory lesions have been 
observed in generalized scleroderma, 
(Hektoen;-® Masugi and Ya-Shu^‘). An 
outstanding feature of tin’s disease is 
vasoconstriction. Specific, that is scle- 
I'Otic, changes in tlie heart muscle due 
to proliferation of connectix'e tissue 
betiveen the muscle fibers, myocarditis, 
dilatation of tlie aorta, and pericarditis, 
are among the changes which have 
been reported in the older literature. 
Newer studies ha\n re-emphasized tlie 
circulatory feahu'es of this disease and 
have lent additional support to the 
idea tliat scleroderma is more tlian a 
cutaneous process. However, the mere 
presence of a cardiac or vascular lesion 
in a patient with scleroderma does not 
of necessity establish tlie scleroderma- 
tous nature of the circulatory system 
disease. On tlie other hand, Johnson^^ 
has added somewhat to the complexity 
of diis relationship by emphasizing 
tlie disabling changes in the hands re- 
sembling scleroderma following myo- 
cardial infarction. 

In contrast to disturbances of the 
gastiointestinal bact, clinical e\'idence 
of cardiac involvement may occur late 
in the course of the disease, but Weiss 
and co-workers*'^ in tlieir careful study 
of sclerodermal heart disease, noted 
that in 3 cases the appearance of car- 
diac .symptoms preceded changes in 
the skin by as much as 2 years. 

They conclude that the evidence 
from 9 patients points toward the inter- 
pretation that the myocardial lesions 
are an integral part of scleroderma. 
“The sequence involved in the develop- 
ment of the nnocardial lesions were 
those of overgrowth of comiectise tis- 
sue, as in the skin, but the character 
of the connective tissue in the .skin and 
myocardium in scleroderma was dif- 
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ferent. However, the changes in the 
2 patients wth scleroderma studied at 
post mortem examination were similar 
and differed in several significant re- 
spects from other varieties of myocar- 
dial scars. The pathologic observa- 
tions together with the clinical data in 
the cases of the series indicated that 
scleroderma heart disease is a clinical 
and pathologic entity.” 

All of Goetz’s patients suffered from 
d 3 'spnea, orthopnea and cj'anosis and 
one of them presented the picture of 
a black cardiac. The heart in most 
of his cases was small, tire blood pres- 
sure and the cardiac silliouette nor- 
mal. However, the diagnosis of scle- 
roderma heart was made from the 
kymogram which showed marked 
blunting of the cardiac excursions. 

Goetz noted tliat the histology of 
the heart in patients coming to autopsy 
at first sight appeared very heterogen- 
eous, revealing 3 different tj^pes of 
lesions: 1, scattered foci of fibrosis in 
apparent!)' normal muscle fibres; 2, 
frank fibrosis of the entire thickness of 
the myocardium extending from the 
pericardium to the endocardium; 3, a 
diffuse lesion shounng marked disinte- 
gration of the muscle fibres which were 
interlaced with coarse bundles of con- 
nective tissue which was highly vas- 
cular. 

This third lesion is obviously the 
forerunner of the second ^^pe. All 
intermediate stages were observed. 
Fiom these obserr'ations it became 
cw'dent that mv'ocardial fibrosis was 
not the result of vascular interference. 
This was supported by the lack of 
sufficient pathological changes in the 
coronarx’ arteries, the pattern of tlie 
fibrosis and the absence of hemosiderin 
pigment in the connective tissue. The 
earlier lesions of this fibrous replace- 
ment were observed in another ca.se. 
They reminded Goetz of what has been 
de.scTibcd in earlx- cases of dermato- 


myositis as “angiomyositis.” Detailed 
findings indicate that tlie heart lesion is 
an integral part of scleroderma. 

Despite the marked fibrosis the elec- 
trocardiogram did not show great 
change in one of Goetz’s cases. In 
otliers, however, the electrocardiogram 
was grossly abnormal, the tracings 
ranging from bundle branch block to 
auricular fibrillation. In one of his pa- 
tients all the heart beats were extra- 
S3’Stoles which originated from 8 dif- 
ferent foci. 

The intense cyanosis and orthopnea 
in these cases has had little attention. 
One case was classed as Ayerza’s dis- 
ease (black cardiac). Goetz believes 
tliat pulmonary vascular lesions plus 
tliickening of the alveolar septa, com- 
pensator)' emphysema and some degree 
of rigidity of the thorax due to involve- 
ment of the muscles, and the hemody- 
namic disturbances resulting from myo- 
cardial fibrosis adequately ex-plain the 
cx'anosis as being due to anoxia. In 
one case tliis explanation was supported 
by an increasing er)'throcytosis and in- 
creasing hemoglobin in the blood as 
tlie disease progressed. 

In one of Bevans’ patients pericar- 
ditis was present and appeared to be 
both recent and old. According to 
Lewin and Heller,'’^ pericarditis was 
present in 8 of 29 cases of scleroderma 
observed at necropsy. In some of 
these cases with other conditions as- 
sociated (especially tuberculosis and 
rheumatism), tlie accompanying peri- 
carditis cannot be definitely attributed 
to scleroderma. In Bevans’ cases the 
lesion in the pericardium presented a 
h 3 -alinization of collagenous tissue 
which was reconcilable with the lesions 
of scleroderma in other parts of the 
bod)'. In her Case 1, the acute lesion 
overh-ing the chronic fibrous pericar- 
ditis was diffuse and too advanced to 
be included among those related 
changes which someHmes occur in 
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uremia. Since there were similar 
thickening and hyalinization of other 
serous membranes, particularly tire 
peritoneum, it seemed justifiable to 
Bevans to include those in the peri- 
cardium as part of tire disease, scle- 
roderma, and not as manifestations of 
the uremic state. 

Endocrine Gland Involvement. The 
volume of literature on tliis phase of 
tlie scleroderma question is so large 
and so controversial that a separate 
study and analysis of even a few years’ 
production would be necessary for an 
adequate appraisal. Accordingly, in 
this general summary of the visceral 
manifestations of scleroderma only 
trends can be indicated. It is pertinent 
to call attention at this point to a few 
of die previous collections of data on 
the endocrines and scleroderma. It is 
necessary, however, to indicate diat 
the views expressed are usually conjec- 
tural, contradictory and generally in- 
conclusive as to the precise connection 
of tile endocrine symptoms to sclero- 
derma. The situation remains the same 
today. Castle" in 1923 and Boardman* 
in 1929 made extensive reviews of the 
literature which are worthy of study 
in the original. Otlier reviews are 
available bv Seale,"' and bv Ehrmann 
and Briinauer’" in Jadassohn’s Hand- 
buch. The best-established relation- 
ship between the endocrines and scle- 
roderma is a disturbance in calcium 
metabolism. Tliis will be discussed 
below. Thyroid symptoms in sclero- 
derma have received much attention. 
Abnormal (high or low) basal metabol- 
ic rates hai’c been obseried (O’Leary 
and Nomland''") and thyroid medica- 
tion has on occasion been beneficial. 
On the other hand, Haldin-Davis-'"’ was 
unable to find ei’idcnce of scleroderma 
in 100 jratients with thyroid dLsease. 
Ovarian dysfunction too has been re- 
ported in scleroderma. Tlic literature 
in this phase has been ably summarized 


by Wiener®* as follows: “Amenorrhea, 
dysmenorrhea, onset of the disease in 
pregnancy and in the spontaneous and 
induced menopause, findings of ovarian 
changes, the therapeutic success of es- 
trogens, and the 3 to 1 predominance of 
the female sex are reasons enough to 
consider the gotiads. The situation is 
similar with regard to the pancreas, 
thyroid and pituitary.” Not always, 
however, is widespread endocrine 
gland involvement so clear-cut. One 
recent example will suffice. In her 
careful study of 2 patients, Bevans" 
found no definite lesions in the para- 
thyroid glands (1 case), the pituitary 
glands, and the adrenal glands (2 
cases). The thyroid gland in one case 
showed moderately increased fibrosis 
and proliferative lesions in the vessels; 
Case 2 showed more extensive involve- 
ment of the entire gland. Neither pa- 
tient had shown clinical signs of thy- 
roid dysfunction. 

Calcium Metabolism. Disturbance 
of calcium metabolism is consistently 
found in scleroderma. This is especi- 
ally prominent when scleroderma oc- 
curs together with calcinosis such as is 
the case in so-called Thibierge-Weis- 
senbach syndrome. Since there is evi- 
dence that scleroderma may in some 
way be related to hyperfunction of the 
parathwoid gland and since the latter 
has a definite relationship to calcium 
metabolism, it is apparent that this may 
be the basis for the disturbed calcium 
metabolism. There is an extensive 
background in the literature for this 
concept. It has been reviewed in 
extenso by Cornbleet and Struck,*" 
Goetz-' and Basch.'* 

This calcinosis in the subcutaneous 
tissue in cases of scleroderma has been 
known since 1878 (\\*eber*'). In 1910 
Thibiergc and \\*eissenbaclr* described 
a personal case and reviewed 8 others 
from the literature. Subse(juentl\- num- 
erous authors described cases and in 
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1932 Basch'* (a follower of Weissen- 
bach’s) in a comprehensive thesis col- 
lected as many as 46 cases from the 
literature. Since then, tliis syndrome 
has become known as the Thibierge- 
Weissenbach syndrome. It occui's al- 
most exclusively in women, often suf- 
fering from ovarian hypofuncdon, and 
is preceded by or associated witli vaso- 
motor disturbances, parasthesias, acro- 
cyanosis and angiospasm, and Ray- 
naud’s syndrome, especially of the up- 
per extremities, resulting in sclero- 
dactylia. 

The calcinosis is regulai'ly deposited 
and affects parts of the body subjected 
to pressure; that is, the tips and the 
volar surfaces of the fingers, the arms 
along the ulnar border, tire elbows, the 
skin along the shin and in front of the 
patella and over the tuber ischii. This 
distribution suggests that trauma may 
be die precipitating cause. 

Two types of calcinosis have been 
distinguished: (a) calcinosis circum- 
scripta and (b) calcinosis universalis. 
In the former the calcium deposits are 
located in the subcutaneous tissue only 
but in die latter they also occur in the 
mesenchymal tissue as well. Calcino- 
sis circumscripta occurs in the Thi- 
bierge-\^^eissenbach syndrome. 

Goetz has ably analyzed the recent 
literature on this problem as follows; 
“Numerous theories have been ad- 
I'anced to e.vplain the padiogenesis of 
calcinosis but ‘in spite of the ever- 
increasing volume of literature on 
the subject one is confused by the 
increasing complexit}’- of die theoretical 
considerations’ (Brody and Beilin, 1937). 

It is natural that the calcium metab- 
olism should have been incriminated 
and the literature on that subject has 
grown to a considerable volume. Those 
who arc interested should consult the 
excellent article by Brooks (19.34). 
Most authors found normal serum cal- 
cium and blood phosphorus levels 
and this could be confirmed in our 


patient. However, as Bauer, Marble 
and Bennett (1931) put it, the serum 
calcium shows only the height of the 
stream and not its direction. Cal- 
cium balance studies are therefore 
essential in these cases. Only a few 
reports are available. Bauer et al. 
(1931), Paggi (1934), and Cornbleet 
and Struck (1937) reported a tendency 
to retain calcium and phosphorus fol- 
lowing probably normal absorption. 
In all our cases the calcium balance 
was negative which is in agreement 
widr reports by Dowling (1940) and 
Byron and Michalover (1943). In addi- 
tion the serum phosphatase was normal 
and there was no decalcification of the 
bone. 

“In this connection, it is tlie para- 
thyroids which have been blamed more 
than any other agent on account of 
their known role in calcium metabolism 
and both scleroderma and calcinosis' 
have been considered to be due to dis- 
turbances of these glands (Selye, 1932; 
Weissenbach et al., 1933; Leriche, 1935; 
Leriche and Jung, 1935; and Kus- 
unoki, 1939). Selye reported that fol- 
loxving intraperitoneal injection of as 
little as 5 units of parathyroid extract, 
sclerodermatous lesions with calcific 
deposits in the skin developed in 20% 
of his rats. Following this concept, 
Leriche (1935) suggested parathyroid- 
ectomy and his good results were sup- 
ported by some; other authors could 
not substantiate them (Dowling, 1940 
and Byron and Michalover, 1943), 
Obviously hyper-parathyroidism could 
not account for all the cHnico-patholog- 
ical features of our case of sclero- 
derma.” 

Nervous System Manijeslations of 
Scleroderma. Although in the past a 
number of nervous system manifesta- 
tions (central and peripheral) of sclero- 
derma have been reported, these are 
certainly uncommon. Furthermore, 
their exact relationship to scleroderma 
is much less Avell established than the 
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associated lesions in some other organs. 
The same considerations apply to the 
later literature. 

In KaneeV^' case, Duryee, in personal 
eommunication, reported that electi'o- 
encephalographic studies revealed a 
moderate degree of diffuse electro- 
cortical activity. Duryee has found 
this in over S0% of cases of generalized 
scleroderma, Bevans stated tliat: 
“changes in tlie central nervous system 
were studied extensively by Dr. Abner 
Wolf and were not considered note- 
wortliy in the present connection. Un- 
fortunately the sympathetic ganglia 
were not studied. The sympathetic 
plexuses in the gastrointestinal ti'act 
showed no structural alteration. 
Whetlier lesions of the sympathetic sys- 
tem are responsible for the spasm ex- 
hibited roentgenologically in the gas- 
trointestinal tract awaits investigation. 
To date, the results of sympathectomy 
for Raynaud’s syndi-ome in patients 
who develop scleroderma have been 
variable and not encouraging.” 

Guss--' reported in 1947 what he con- 
sidered to be the second patient widi 
scleroderma in whom convulsions oc- 
curred. From the facts and the auth- 
or’s own analysis, this patient’s dis- 
orders really had a vascular rather than 
neurogenic origin. At any rate tlie pre- 
cise sclerodermatous nature of the nerv- 
ous system manifestations in this ca.se 
is not e\’ident. 

Skeletal il/w.s’c/c Involvement. In- 
volvement of sheletal muscle in cases 
of scleroderma has been known for 
about SO years. Since the first descrip- 
tion of tin’s lesion much work has been 
done to show that scleroderma and 
dermatomyositis are variations of one 
process (Nixon. 1907’'b Langmead, 
1923'"; Dowlinii and Griffiths 1939’^: 
Lewis. 1940"; Dowliim, 1940'''; Freu- 
denthal. I910'''; and Griffiths. 1940-*) 
or are actually 2 different diseases 
(ll’eber and Gray, 1924'‘''; Brock, 1934‘; 


Kinney and Maher, 1940^"; Keil, 1940^®; 
O’Leary and Waisman, 1940-’'; and 
Horn, 1940^=) Brock, 1934,® in his re- 
view of tlie literature, noted tliat it is 
difficult to distinguish between sclero- 
derma and dermatomyositis from histo- 
patliologic or clinical features during 
the early stages. But as induration and 
sclerosis advance, differences in the 
clinical picture as well as the histo- 
patliology become characteristic (Cf, 
O’Leary and ^Vaisman). In sclero- 
derma the inflammatory infiltrations at 
tlie later stage are minimal and peri- 
vascular cell infiltration is present in 
small foci only. The vessels become 
thick, their lumen narrow and often 
occluded followed by recanalization. 
There is proliferation of connective 
tissue fibres with subsequent sclerosis, 
hyalinization and calcareous degenera- 
tion. The muscle fibres undergo sec- 
ondary degeneration which is in direct 
proportion to the degree of sclerosis. 

In dermatomyositis, Brock* finds 
that the diffuse infiltration of lympho- 
cytes and plasma cells in the cutaneous, 
subcutaneous and die muscular tis- 
sue remain the outstanding feature to 
the end. Perivascular infiltration is 
anotlrer prominent feature. The de- 
generation of the muscle fibres is mark- 
ed and dependent on tlie inflammatoiy' 
process. The changes in tlie vascular 
and connective tissue are minimal. 

The difficult' of really distinguish- 
ing between the 2 processes is em- 
phasized by Goetz’s patient in which 
the findings suggest that he was dealing 
with a type of case which forms a 
connecting link between scleroderma 
and dermatomyositis. 

Bonc.'i and Joints. The involvement 
of bones and joints by the scleroderma- 
tous process is so well known and ac- 
cepted that little new has been added 
to our knowledge recentlj-. Jackman’’ 
in his .study of tlie roentgen features 
of scleroderma and acrosclerosis in 4 
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cases noted that although the most 
striking feature is calcinosis usually in- 
volving pressure points on the skin, 
another finding is the slow progressive 
absorption of the distal phalanges of 
the fingers. This occm's more often 
in acrosclerosis and does not become 
marked until the disease has been 
present for years. Terminal absorption 
may be associated with calcinosis and 
occasionally with increased intraosseous 
deposition of calcium. Synostosis be- 
tween the distal and middle phalanges 
may occur. 

Eye. Although cataracts have been 
reported occurring wth scleroderma, 
it might be stated in passing tliat 
Werner’s syndrome (progeria in the 
adult), a heredofamilial disorder witli 
scleroderma, bilateral juvenile cataract, 
precocious graying of the hair and 
endocrine stigmatization so well de- 
scribed by Oppenheimer and Kugel in 
1934 and 1941°“ should not be properly 
included in this discussion on scleroder- 
ma in spite of the many manifestations 
of this process also associated with 
scleroderma. Thannhauser'” in an e.x- 
tcnded study in 1945, showed that tlie 
title scleroderma with cataracts is mis- 
leading and that tlie cutaneous changes 
in this anomaly are not those of true 
scleroderma. Tlie same can be said 
of Rothmund’s syndrome, a process 
in which cataracts are associated with 
a peculiar degeneration of the skin. 
Tliannhauser proposes tliat tlie cu- 
taneous lesions of Werner’s syndrome 
be called “heredofamilial atrophic der- 
matosis with skin ulcers,” and that of 
Rothmund’s syndrome “lieredofamilial 
atrophic dermatosis with telangiec- 
tases.” 

^^^sccIl(lncous Involvement. Abnor- 
malities in other structures have been 
found in a small number of cases. It 
is open to serious (question whetlier 
these effects are sclerodermatous or 
merely coincidental findings. Among 


the organs involved are the kidneys, the 
teetli and gums, tlie uterus, and the 
prostate. Bevans, for example, found 
extensive renal lesions in both of her 
cases. The medium sized and smaller 
arteries were especially involved. The 
glomerular lesions were similar to those 
found in lupus erythematosus. Tubu- 
lar alterations were severe, and die renal 
pillars were thickened. The larger ves- 
sels in the peripelvic fat showed the 
same type of perivascular fibrosis as 
that observed in other parts of the 
body. The pathologic findings were 
far in excess of tire clinical and labora- 
tory data indicating renal disease. Al- 
though uterine atrophy had been noted 
by others, no such change was observed 
by Bevans in her first case. However, 
die lamina propria of the vagina and 
external cervical os shared in the gener- 
alized connective tissue thickening that 
occurred in the skin and elsewhere. 
The ovaries appeared to be normal. 
The smooth muscle in the prostate of 
Case 2 appeared to be atrophic and 
could, according to Bevans, represent 
sclerodermatous rather than involu- 
tional change. 

Retraction of the gingival margins 
with loosening of die teeth have been 
noted in die older literature of sclero- 
derma. Davis and Saunders (1946)” 
have recently presented a case of scle- 
roderma involving the face and gin- 
giva. In a careful study Stafne and 
Austin®® observed radiographically 'a 
characteristic dental abnormality in 
acrosclerosis and scleroderma. It is 
an increase in the width of the periden- 
tal space, which, when it does occur, 
is sufficiently characteristic to cause 
the presence of acrosclerosis to come to 
mind. Among 127 cases of acroscle- 
rosis and scleroderma at the Mayo 
Clinic, 9 (7.08%) had this anomaly. R 
occurred in 4 men and 5 women of 
36.9 years average age. Eight of the 
patients had acrosclerosis and 1 had 
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scleroderma, ail tlie teetli may 

be affected, tlie posterior are involved 
more than tlie anterior. Microscopical 
examination of 1 specimen showed that 
the increased periodontal space is oc- 
cupied by markedly tliickened peri- 
odontal membrane. The tliickening of 
tlie vessel walls suggests to the autliors 
that the change in tliis membrane is 
probably produced by the circulatory 
disturbance which is a salient feature 
in acrosclerosis and diffuse scleroder- 
ma. Sometimes certain cases of scle- 
roderma are complicated by other dis- 
eases which, while unrelated, may im- 
prove under therapy for the scleroder- 
ma. Kusunoki and Kuwabara” report- 
ed a case of diffuse scleroderma ac- 
companied by leukemia which im- 
proved following paratliyroidcctomy, 
Wliile this suggests tlie probable value 
of blood studies in scleroderma, the 
therapy can by no means be consid- 
ered applicable to the general therapy 
of leukemia. 

Because it summarizes the present- 
day status of scleroderma so well and 
so succinctly, we quote die conclusion 
of Goetz’s comprehensive sun^ey of 
the visceral manifestations of sclero- 
derma: “Obviously tlie term ‘scleroder- 
ma’ should be abandoned. It is quite 
evident today that we are dealing with 
a systemic disease neither solely nor 
primarily involving the skin. ‘Sclero- 
derma’ is only the obvious and striking 
symptom of a generalized disease and 
the most serious .siaiiiitoms actually 
arise in the viscera. 

“Now that the visceral changes are 
being more widely recognized as an 


integral part of die disease, the sys- 
temic implications will receive much 
more consideration dian the dermato- 
logical aspect. Physicians will be more 
on the look-out for diese changes and 
undoubtedly more reports will appear 
in die literature. It appears therefore 
to die writer that now is not an inop- 
portune time to abandon the term 
‘scleroderma’ which for so long has 
obstructed investigation into die cause 
of that disease and to replace it by 
one more descriptive of the true state 
of affairs. The term ‘sclerosis’ already 
being in use, it appears that ‘Progres- 
sive systemic sclerosis’ would describe 
die condition adequately until such 
time as die etiology has been estab- 
lished. Scleroderma is then only one 
of the symptoms or signs of progressive 
systemic sclerosis. 

“Progressive systemic sclerosis may 
be defined as an induration and scle- 
rosis which may occur in an}' organ in- 
clusive of the skin, the muscles and 
the blood vessels. Pigmentation, loss 
of weight, asdienia, arthritis and other 
symptoms occur, depending on die 
degree and extent of the sclerosis, 
Ever}'^vhere the same changes occur, 
viz., edema, followed by proliferation 
of connective tissue and sclerosis of 
collagenous bundles, resulting in many 
cases in atrophy of die organ con- 
cerned. This may occur in the con- 
nective tissue of the skin, in the in- 
terstitial tissue between die ah'eoli of 
the lungs, die acini of the liver, in the 
kidney, the muscle fibres of the heart, 
within the pulii of the spleen and in the 
endocrine glands.” 
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For many years vasomotor rhinitis 
has been recognized as a disorder in 
which emotional factors may play an 
etiological role. Some textbooks of 
otolaryngology include “psychic dis- 
turbances” in a list of possible causes 
and mention two old synonyms, “inter- 
mittent neurotic catarrh” and “nervous 
coryza.” Almost nothing is said, how- 
ever, about what tlie emotional prob- 
lems are or how they exert their eEect. 

On the basis of clinical and. experi- 
mental studies it appears tliat psycho- 
genic factors may play a part in at 
least 3 ways: 1) the result of fear or 
anxiety, 2) the result of a conflict and 
3) tlie result of direct suggestion. 
Tliese mechanisms wll be discussed 
in some detail and then considered in 
their interrelationships to other etio- 
logical factors. 

For the purpose of this discussion, 
Lederer’s' definition of vasomotor rhini- 
tis will be used. He defines tlie entity 
as “a condition characterized by inter- 
mittent engorgement of the nasal mu- 
cosa, sneezing associated with a free 
flow of diluted mucus and nasal ob- 
struction.’ There have been efforts to 
sub-type cases on etiological and path- 
ological grounds and it seems likely 
that a number of dissimilar proces.ses 
are grouped under a single heading. 

The first pattern in which emotional 
factors play a causative nart occurs as 
( 170 ) 


a reaction to impending danger. In 
response to fear there is an initial vaso- 
constriction which is followed by a 
vasodilatation. This is comparable to 
the local effect of epinephrine. The 
clinical picture in the “after-phase” is 
that of vasomotor rhinitis. 

Vasoconstiiction within the nose in 
response to fear is part of a general 
homeostatic adaptation which prepares 
the organism for fight or flight. Ac- 
cording to Post," when the body is alert- 
ed for action, changes occur which pre- 
pare the nose to accommodate an in- 
creased oxygen intake. The airway is 
enlarged and a greater mucus produc- 
tion is provided to moisten the added 
air volume. To accomplish the former 
the size of the turbinates is altered 
by the smooth muscle tissue distributed 
about arterial and venous tracts and in 
the walls of tlie spaces of erectile 
tissue. These structures are inner- 
vated by sympathetic fibers. 

Post’s^ observations have added to 
our knowledge of the efi^ect of fear on 
the nose. Studying a group of return- 
ing combat men who continued to re- 
act as though they were in dangerous 
situations, he noted a vasoconstriction 
within the nose. Tlie after-phase re- 
sponse was that of blockage due to a 
relaxation and turgescence of the erec- 
tile tissue within the turbinates. In 
other words, the veterans continued 
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to react as though they were facing a 
threatening situation even tliough they 
were safely back in the United States. 

It is important to realize, furtlier, 
that the clinical picture of vasomotor 
rhinitis may be produced by any un- 
conscious, internal conflict which gives 
rise to anxiety, just as it is produced 
by an external danger or recent and 
repeated exposure to situations which 
give rise to fear. A “forbidden” wish 
which threatens to erupt into conscious- 
ness and to create conflict will stir up 
anxiety which results in a reaction that 
parallels the response to a terrifying 
experience. In both instances the effect 
follows sympathetic nervous system 
stimulation and is only one in a series 
of tension responses. 

A second jrattern in which emotional 
factors are important has been de- 
scribed by Wolff et of.” In their group 
of experimental subjects, changes were 
observed in the nose after unsympathe- 
tic discussion of i^ertinent and conflict- 
ual problems. These changes consisted 
of an “initial hyperemia associated with 
turgcscence of the erectile tissue in the 
turbinates, , . . engorgement of the 
nasal mucosa and increased secretion. 
Often after the subsidence of hypere- 
mia, secondary pallor ensued with the 
mucous membranes of the nose remain- 
ing boggy and edematous.” The au- 
thors bclie\'ed that the impulses which 
effected the changes were carried by 
the vagus nerve. The primary pic- 
ture was principally that of \-asodilala- 
tion while the secondary one was that 
of edema. 

A case reported by Fowler’’ iroinls 
to tile conclusion that an autonomic im- 
balance with a preponderance of para- 
sympathetic (or a decrease in sympa- 
thetic) activity results in the clinical 
picture of vasomotor rhinitis. In his 
patient 'a unilateral disturbance de- 
veloped on the side on which the stel- 


late (sympatlietic) ganglion was re- 
moved. 

According to Proetz® the autonomic 
nervous system “functions below tire 
level of consciousness, is not subject 
to the control of the will and serves to 
carry on the purely vegetative pro- 
cesses, such as vascular tone, the action 
of smooth muscle fibers and the regu- 
lation of glandular secretion. It there- 
fore enters largely into tlie emotional 
states . . .” Essentially the autonomic 
nervous system may serve as an outlet 
for energ)”^ which is not released in 
words, thoughts or action because of 
conflict and repression. The impulses 
thus conveyed to tire nasal structures 
give rise to a disturbance in function. 

Wolfit et oL” do not describe the 
nature of the conflict or conflicts which 
they activate. It would be important 
to determine whether or not there is a 
specific conflict which gives rise to the 
changes they observed. Studies® have 
made it clear that a particular conflict 
e.xpressing itself via the vagus nerve 
plays an important part in the etiology 
of peptic ulcer. Might not this be so, 
also, in certain cases of vasomotor 
rhinitis? 

While the first two patterns inv'olve 
the autonomic nervous system as a patli- 
way, the third is the result of direct 
suggestion. The e.xperiment of using an 
artificial rose to induce an “allergic at- 
tack” is an old one, and it has been re- 
peated a number of times. During the 
attack the nasal mucous membrane will 
become edematous and pale gray. 
Within a few minutes of the time that 
the patient sees that the flower is only 
paper, the symptoms and the conges- 
tion subside. Metzger.® an allergist, 
recently performed this c.viieriment with 
a paper goldenrod in the month of 
June. 

The response to medication in some 
cases of vasomotor rhinitis also illus- 
trates the effect of direct suggestion. 
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In the Astlima Research Council’s Re- 
port of Progress (1938),* it was stated 
that the results of treatment with a 
placebo (saline solution) were slightly 
better tlian those obtained by protein 
desensitization. Although tire series 
was small (32 and 35 patients), tire 
study called attention to the influence 
of suggestion. 

For many years it has been known 
that symptoms can be induced, repro- 
duced and removed by direct sugges- 
tion. Charcot demonsh-ated tliis fact 
with the aid of hypnosis. An “allergic 
attack” precipitated by an artificial 
flower is such a symptom. 

Among the factors which play an 
etiological role in vasomotor rhinitis 
are emotional, endocrine, allergic, ther- 
mal and constitutional. In certain in- 
stances one component predominates 
while in other cases it is another. Only 
rough measurements are possible since 
the nasal dysfunction involves a com- 
plex interrelationship of a number of 
known and perhaps several unknown 
factors. 

E.vplanations for the interaction of 
all the \'arious etiological forces have 
not been worked out, but two tlieories 
have been advanced by Urbach*” to 
explain the connection between the 
psychogenic and allergic components. 
“Perhaps the best explanation is that 
such influences (emotional) bring an 
alteration in the excitability of the 
autonomic nervous system and that 
stimuli until then of the sub-threshold 
level tluis acquire the capacity of acting 
as excitants. Another possibility is that 
psychic stimuli, by tlieir effect on the 
\a.scular innci^-ation, bring about a 
change in the blood supply of the pe- 
ripheral tissue. Tlie result is that path- 
ologic substances that normally cannot 
penetrate the vessel walls are now ab- 
sorbed, leadimi to an antigen-antibody 
reaction.” 

The influence of endocrine changes 
has received smne attention. There are 


clinicians who believe tliat a thyroid 
deficiency is important. According to 
Proetz,® “circulatory changes evidenced 
chiefly by pallor are to be found in die 
nasal mucosa in the presence of thy- 
roid insufficiency.” Mohun” reports 
that hyperemia and edema of die nasal 
mucous membrane may develop late 
in pregnancy in patients who never 
had symptoms before and that the dis- 
turbance is often aggravated in diose 
who had previous trouble. He main- 
tains that there is a definite tendency 
toward hyperemia and edema when 
the estrogen level is high. One would 
suspect diat a combination of endo- 
crine and emotional factors operate 
during pregnancy and that the emo- 
tional factors center around conflictual 
feehngs about pregnancy and mother- 
hood. 

Although infections may play an 
etiological role in vasomotor rhinitis, 
it is probably more common for them 
to appear as compheations. The nasal 
dysfunction opens the road to bacterial 
invasion. FabricanU has found that 
in susceptible persons emotional states 
“can produce transient conversions of 
nasal secretions from a normal, shghtly 
acid to an abnormal alkaline state.” 
Tliere is evidence that acidity is un- 
favorable to the growth of pathogenic 
bacteria, while alkalinity favors their 
growth. A shift in the pH of the nose 
to the alkaline side accompanying vaso- 
motor changes is no doubt one in a 
group of factors responsible for bac- 
terial invasion. 

Sinusitis occurs secondarily and is 
the result of changes within the sinus 
lining membrane, direct extension of 
infection and interference with normal 
drainage. Otlier complications may be 
otitis media and laryngitis. There are 
emotional sequelae as well. Anorexia, 
weight loss, insomnia and impairment 
of efficiency may accompan/ a pro- 
lonccd attack. The fatigue in turn ag- 
gravates the initial process. 
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If there are recurrent and prolonged 
attacks of vasomotor rhinitis in-eversible 
morphological changes are to be antici- 
pated. There will be hyperplasia and 
later hypertrophy of tlie surface epithe- 
lium. In certain areas the cilia wll 
disappear. The ducts and acini of tlie 
mucus glands in the subepithelial layer 
will be filled with and dilated by secre- 
tions. Degeneration into cysts will oc- 
cur. As the lesion progresses, atrophic 
changes will be seen and the mucus 
glands may disappear. 

From this discussion it is evident tliat 
vasomotor rhinitis is a dynamic process. 
The picture presented at any particular 
moment depends upon tlie interaction 
of a number of forces and the intensify 
and duration of tlie physio-pathological 
changes. As in any process in motion 
there will be shifts in tlie weight of the 
various etiological factors from time to 


time. Initially the sensitiwty to an 
inhalant may occupy the center of the 
stage. Later emotional conflicts may 
express themselves through tliis “ready- 
made” avenue. Innumerable combina- 
tions are possible. 

It is important to consider vasomotor 
rhinitis in terms of the total organism. 
A description of the physiological or 
patliological state is not enough. At- 
tempts should be made to understand 
die process on the basis of the various 
etiological factors diat play a part. 
Emotional influences should not be 
neglected. Three primary modes of 
operation have been considered in diis 
article. These mechanisms are not 
mutually exclusive. Tliey must be 
viewed in terms of dieir relationship 
to one another and in terms of their in- 
teraction with other causative agents. 
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The Mechanism of Abdominal Pain. By 
V. J. Kinsella, M.B., Ch.M. (Syd.), 
F.R.C.S. (Eng.), F.R.A.C.S. Pp. 230; 17 
figs; 8 plates. Sydney, Australia: Angus & 
Robertson. Price S2/6. 

The significance of pain of abdominal ori- 
gin has long been recognized. The interpreta- 
tion of such pain, however, has been rendered 
difficult by tlie conflicting concepts of the 
mechanisms involved. 

The author has given consideration to 
those accepted concepts of the past, which in 
general deny tlie e.xistence of true and direct 
lisceral pain. The erroneous conclusions 
reached in the past wdth respect to the ex- 
istence or non-existence of true visceral pain 
are due, in the opinion of the autlior, to the 
inherent difficulties attendant upon animal 
experiments in this field. By experiment and 
observation on human subjects under local 
anesthesia the author has convincingly dem- 
onstrated tlie sensitivit)' of diseased xiscera 
without implication of die mesentery and pa- 
rietal peritoneum. He admits that the mes- 
enter)’ and parietal peritoneum are liighly 
sensitive and frequently contribute to the se- 
I'erity of the abdominal pain of visceral ori- 
gin, but beliei’es that tliese structures need 
not be stimulated to evoke a painful sensa- 
tion from diseased viscera. 

The author further believes that die effec- 
tive stimulus for pain, bodi somatic and vis- 
ceral, is increased tension within the tissues, 
be that the result of inflammation or muscu- 
lar contracUon. 

Tlie concentration of nen'ous elements 
wifiiin the xiscus is low, while the concentra- 
tion of such elements is relatively high in the 
mescnteiy especially along the vessels. The 
mesenteric border of any given viscus is, 
therefore, more sensitive than the antimesen- 
teric side. If 1 sq. cm. of mesentery should be 
cru.shed, the number of painful stimuli 
elicited is considerably higher than if 1 sq. 
cm. of the viscus itself is crushed. Thus, it 
is that incscntcrie pain is said to be of a high 
order while that of die m'scus is relatively low. 
A narrow segment of bowel may be crushed 
with a clamp without eliciting a painful rc- 
S[Kiri<e, but if a wider segment is similarly 
cnished p.iinful stimuli are elicited. 

Some attention is directed to the pain .asso- 
ciated with some of the commoner clinical 
disorders, and an attempt is made to explain 
this upni the basis of pure visceral sensitisaty. 

The Ixwfc should prove of special interest 
to the surgeon. I. R. 

( ISO j 


Intracranial Tumors. By Percwal Bailey, 
Prof, of Neurology and Neiuologic Surgery, 
Univ. of Illinois. 2d ed. Pp. 478; 16 plates; 
155 figs. Springfield, 111.: Charles C Thom- 
as, 1948. Price, $10.50. 

Tius book combines to an excellent degree 
neuropathology, neurology and neurosurgerj'. 
Both student and the senior neurosurgeon will 
be well advised to consult it. The parts on 
neuropathology, as is to be expected from 
tliis author, cover all demands. The illustra- 
tions are adequate, the pen and ink draxvings 
of the microscopic fields showing cell detail 
surprisingly well. The drawings of the gross 
specimens of tumors in situ are less effective. 
The weakest section deals with the surgery of 
brain tumors. Constant reference is made to 
metliods formerly used in the Brigham Hos- 
pital and there have been neurosurgical ad- 
vances since 1930, few of which are recorded. 
But, as the autlior states in his preface, tliis 
book has been written for students who need 
not be too greatly interested in operative de- 
tail. If they take up neurosurgery and find 
themselves in a modern clinic, tlieir concep- 
tion of neurosurgical technique can be prop- 
erly learned by first-hand experience. 


Roentgen Studies of the Lungs and 
Heart. By Nils Westermark, M.D., Car- 
oline Institute, University of Stockholm, 
Sweden. Pp. 216; 98 ills. Minneapolis: 
Univ. of Minnesota Press, 1948. Price, 
$7.00. 

This excellent monograph contains a se- 
ries of guest lectures given by an eminent 
Swedish radiologist at Minneaiiolis. The ap- 
proach is primarily through application of 
principles of physiology and the alterations in 
them occurring in disease. This point of view 
is indicative of the new attitude toward 
roentgen investigations as a whole but par- 
ticularly as it is directed toward the chest. 
The stimulating observations are profusely 
illustrated and documented and represent a 
ver)' rich c.xperiencc during 20 years’ prac- 
tice in a teaching instituUon. Pcrl),aps the 
most interesting and provocative chapters 
deal with the importance of the intra-alveo- 
l.ar pressure in tlie diagnosis of pulrnonaiy 
diseases and the roentgen diagnosis of pul- 
monarx’ embolism. 

The American physician tuny encounter 
some difficulty in accepting some of Dr. Wes- 
tennark’s statements in rcg.ard to pulmonarj' 
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physiology and it must be admitted that a 
few of the important points wliich are made 
in the text cannot be easily seen on the illus- 
trations. In spite of the unfamiliar method of 
thinking which tire reader may encounter, or 
possibly because of it, this little book will 
make a graceful addiHon to the library of all 
who are interested in the chest, its function 
and diseases. R. B. 


Medical Hypnosis. By Lewis R. WoLUEnc, 
M.D., Asst. Clinical Prof, of Psychiatry, 
New York Medical College. 2 vols. Pp. 439 
and 513. New York: Grune & Stratton, 
1948. Price, $5.50 and $6.50. 

Tins is a comprehensive work by a man 
well qualified to wite on the subject. Psy- 
choanalytically trained, he was taught the 
technique of induction of Iq'pnosis by Dr. 
M. H. Erickson. 

A summary of tlie contents is presented in 
the preface: "A considerable portion of Val- 
ume I is devoted to a step-by-step descrip- 
tion of the induction process, illustrating va- 
rious induction methods b)' excerpts from 
transcriptions of actual hypnotic sessions. 
There is a didactic discussion of the princi- 
ples of psychotlicrapy, and of the psycho- 
pathologic factors in the different disease syn- 
dromes. Therapeutic methods . . . are elabo- 
rated on in some detail. , . . Volume II con- 
tains 3 complete transcribed case histories 
which enable the reader to . . . obsen'e the 
therapeutic management of the patient ... as 
these illustrate a preceding discussion of tlic 
uses and limitations of the chief short-term 
psychotherapeutic mctliods.” 

The 2 volumes contain a wealth of in- 
formation which will be of interest to cverj'- 
onc who is concerned with psychotherapy in 
general and with the employment of hypno- 
sis in particular. The detailed recordings of 
case histories are especially worth noting. Nu- 
merous references to the literature on hyp- 
nosis are included. W. P. 


\'ascv.'l.\u DisEAsr.s in Clinical PnAcriCE. 
B)‘ luviNG Sur.nwooD Wiugiit, M.D., As- 
soc, Prof, of Clinical Medicine. Cornell 
Univ. Medical College. Pp. 514; 104 ills. 
Chic;igo; Year Book Publishers, 1948. 
Price, $7.50. 

Tins work presents the clinical aspects of 
diseases of the arteries, wins and lymph.atics 
in a cle;ir and concise manner, .\bout half the 
Inwk is devoted to dise;iscs of the arteries, 
one-seventh to the veins and the rest to inis- 
tvll.uuxins vascular conditions. The chapter 
on .Methods of Study of the Patient is par- 


ticularly well done. The chapter on the Hy- 
perabduction Syndrome, based on the au- 
thors work, is instructive. The author’s opin- 
ion concerning the merits of various forms of 
therapy is particularly valuable, in view of 
his large clinical experience. 

The book is a valuable addition to the lit- 
erature on vascular diseases, not only to the 
practitioner and internist, but also to those 
who make these diseases their major interest. 

M. N. 


Bactehial and Vmus Diseases. By H. J. 
Parish, M.D., Clinical Research Director, 
Wellcome Foundation. Pp. 168; 14 ills. 
Balt.; Williams & Wilkins, 1948. Price, 
$2.75. 

As THE subb’tle (Antisera, Toxocils, Vac- 
cines and Tuberculins in Prophyla-xis and 
Treatment) indicates, this useful little hand- 
book deals witli the theoretical concepts of 
immunit)', methods of preparation and stand- 
ardization of therapeutic antisera and biologic 
preparations, methods of diagnosing suscep- 
tibility, and specific instructions as to sero- 
logic treatment of bacterial and viral dis- 
eases. At the end of the volume is a short his- 
torical sketch of developments in this field. 
As the author indicates in the preface, the 
book is designed to aid the busy practitioner 
in a better understanding of the principles 
undcrl}4ng tlie prevention and treatment of 
infectious diseases. For American practition- 
ers, howe\’er, it should be pointed out that 
dosages and tlie standardization of biologic 
preparations are based upon current British 
usage, which differs in some cases from those 
employed in tlie United Slates. R. N. 


Racial Variations in Immunity’ to Syph- 
ilis. By Chester North Frazier, M.D., 
Sr.P.H., and Li Hung-Chiung, M.D. Pp, 
122. Chicago: Universitv of Chicago Press, 
1948. Price, $2.50. 

This monograph is the first comprehensive 
and scientific presentation of the actual dif- 
ferences in the reaction to syphilitic infection 
among Chinese, Europeans and .^mcricaas. 
The authors have demonstrated the patterns 
of SY-jihilis by the elective localization in tis- 
sues :md organs of Chinese population as 
compared with American White and .Negro 
ract's, a reasonable comparison from the medi- 
cal. geographic and other viewpoints. In the 
pctiple of the 3 races they have analvzcd 16,- 
84.5 consecutive cases of syphilis, extending 
over a period of 10 yc.ars,'july 1. 1927, to 
June 30. 1937. They found that "regardless 
of race or sex, the disease was esscntiallv the 
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same in all people. Differences between races 
lay almost entirely in the relation frequency 
with which the phenomena of tlie disease de- 
veloped. People of aU three races had lesions 
of the skin and bones, of the brain and spinal 
cord, and of the heart and blood vessels.” In 
spite of this simUarit)' of pattern of syphilis in 
the 3 races, the authors found that in several 
important respects the disease was a less se- 
rious matter in the Cliinese than in either the 
Whites or Negroes. The basis and probable 
mechanisms of tlris concept are outlined in 
detail. 

Written by two competent authorities, this 
\'olume is interesting, well-composed, and at- 
triictively presented. The results wall go a long 
way in helping to differentiate tlie effects of 
Treponema pallidum on an organism from 
the influence of moral and other factors 
which may be responsible for the so-called 
"immunity” enjoyed by certain races. 

In the treatment of tlie literature, it would 
have been worth while to mention the efforts 
of other workers who have attempted better 
definition of tlie manifestations of sj'pliilis as 
they occur in the American Negro at least, 
particularly Hazen. Otherwise, tliis is a praise- 
worthy handling of an important problem of 
syphilology. H. B. 


Clin’ical OpiiTiiALMOLOGv. By H. M. Tra- 
QUAin, M.D., Consulting Ophthalmic Sur- 
geon, Royal Infirmary, Edinburgh. Pp. 264; 
72 ills., 8 in color. St. Louis: C. V. Mosby, 
1948. Price, $9.00. 

The author states in his preface that the 
book might be called "Ophthalmology with- 
out an ophthalmoscope.” The omission of e.s- 
amination of the fundus with the ophthal- 
moscope the reiiewer feels is a mistake. In 
the teaching of medicine in tlie medical 
scliools of tile United States, the student is 
becoming instructed more and more in the 
iLse of the ophthalmoscope. There is no rea- 
son why a general practitioner should not be 
able to make an c.xamination of tlie fundus 
adequate to detect gross changes, such as 
hemorrhages and e.xudatcs and the general 
condition of the retinal blood vessels. If the 
use of the instrument is begun early, the phy- 
.sici.rn uill become sufficiently adept with it 
to enable him to tell whether or not the fun- 
dus is nnniial, and if not to refer the patient 
to someone who is more expert. 

.■\part from this defect, the book is cxccl- 
1-nt. The external diseases are well described 
and ilhisiraled and there is much of practical 
xaltie to Ik- found. It can be recommended to 
••serx- ueti'T.d phxsician as a working te.xt for 
all ophthahnic conditions except those relatin'^ 
to the fundus ocnli. p. A. 


Surgical Treatment of the Abdomen. 
Edited by Frederic W. Bancroft, M.D., 
F.A.C.S., Prof, of Clinical Surgery, New 
York Medical College, and Preston A. 
Wade, M.D., F.A.C.S. Pp. 1026; 457 ilb.; 
3 color plates. Phila.: J. B. Lippincott, 
1947. Price, $18.00. 

This is an enlarged, completely revised edi- 
tion of an earlier work published by Apple- 
ton-Centurj- under the title of “Operatix'e Sur- 
gery”. Tliirty-si.x eminent contributors have 
provided excellent discussions of the surgical 
treatment .of disorders of the alimentary tract, 
biliar)' tract, liver, pancreas, and spleen. In 
addition to surgical techniques, and pre- and 
postoperative care, there are included sec- 
tions on blood transfusions, anesthesia and 
fundamental principles of surgical technique. 
No attempt is made to discuss symptomatol- 
ogy or differential diagnosis. The up to date 
and authoritative discussions deal with treat- 
ment or treatments of a gix'en lesion. This 
book should be available to all who are inter- 
ested in abdominal surgery. H. Z. 


Recent Progress in Hormone Research. 
Edited by Gregory Pincus. Proceedings of 
the Laurentian Hormone Conference. Vol. 
II. Pp. 427; illustrated. New York: Aca- 
demic Press, 1948. Price, $8.00. 

These papers, dealing with highly special- 
ized aspects of endocrinology by those who 
are doing research in tlie field, are grouped 
under 5 headings: 1. physical methods in hor- 
mone research; 2. pituitary control and ac- 
tix’ity; .3. hormone metabolism; 4. hormonal 
regulation of metabolism; 5, aspects of clini- 
cal endocrinology. 

Many charts and figures illustrate the data 
presented and most of the papers arc pre- 
sented in an admirable manner. Following 
each paper tliere is reported the informal dis- 
cussion of those participating in the conference 
and tin’s adds a great deal to the interest of the 
x'olume. Use of the data is facilitated by an 
index. 

In flic matter dealing with clinical aspects, 
the Rexiewer deplores the procedure of dc- 
Icnnining human sperm counts, accomplished 
by methods xx'hich moralists condemn as im- 
moral misuse of the sexual function. In the 
discussions of the administration of male sex 
hormones to patients there seems to he a con- 
centration of interest on the physical effects 
re.suUing. xvithout adx'icc of avoiding over- 
.‘limuI.Ttion with its .issocialed psvcholo^ic.il 
effects. ' 1. Z. 
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NEW BOOKS 

Conference on Liver Injury. Transactions of 
the Fifth Meeting. Pp. 127; 30 ills. Liver 
Injury. Transactions of the Si,xth Confer- 
ence. Pp. 74; 9 ills. New York: Josiah 
Macy, Jr., Foundation, Sept. 26-27, 1946; 
May 1-2, 1947. Price, $2.25 and $2.00. 

For some years past the Josiah Macy, 
Jr., Foundation has sponsored conferences 
on liver injury. The conferences are round- 
table discussions of subjects of interest to 
clinicians and investigators of liver injury 
in the broadest sense. The 5tli and 6th Con- 
ferences deal with such important sub- 
jects as the relation of dietary factors to 
chemical injury, impairment from vitamin 
deficiency, liver function studies, chronic 
hepatitis, therapy in liver diseases, cirrhosis, 
the hepatorenal sjaidrome, chromatography 
in tlie study of liver diseases, and massive 
liepatic necrosis. Each subject is briefly 
presented and tlie resulting discussion sum- 
marized. 

The Conferences on Li\'er Injury arc 
valuable, and afford an excellent surx’ey of 
present day investigations in the liver field. 

B. L. 

Agonal ^^cklosis. By lu Fabiucius-Hansen*, 
Oresunds Hospital. Translated by Hans 
Andeusen, M.M. Pp. 134. Copenhagen: 
Povl Branncr; New York; Stechert-Hafner, 
1948. Price not given. 

Tins monograph is a report of a detailed 
study just antecedent to death of the acid- 
base and electrolyte balance in a series of 
c.ases. The monograph contains discussion 
and experimental data of interest to the 
specialist in this field. W. S. 

Handbook of p... p. kti- l_ 

Go.ui, M.D., !’:. ■ ■■. ;■= (): :'■ ; I ; -.-, Bay- 
lor Univ. College of Medicine. Pp. 166; 
48 ills, 7 color plates. St. Louis: C. V, 
Mosby, 1948. Price, $3.50. 

Tins book is the outcome of a series of 
lectures delivered to medical students. The 
author has made an attempt to condense 
the knowledge a medical student and a 
gcncml practitioner should have of oph- 
thalmology. The selection of the material 
he has made will be criticized or ap- 
plauded, depending upon what the reader 
thinks is importanl. Obviously there will 
be no unanimity of opinion. The book will 
probably ser\‘e its purjxise as an introduc- 
tion to ophfhalmologx’, but can hardlv be 
regardwl as a serious text for the general 
practitioner. It can be recommended only 
as a primer. F. A. 


The Psychological Origin and Treatment of 
Enuresis. B)' Stex'enson Smith, Ph.D. 
Pp. 70. Seattle; University of Washington 
Press, 1948. Price, $1.75; 

Tins little book offers a concise discus- 
sion of the psychology of enuresis. The ma- 
terial is "down to eartli” yet on the whole 
the ideas ex'prcssed are acceptable to even 
advanced students of child behavior. It 
should constitute a v'aluable aid to physi- 
cians and parents w’ho cope with tlie prob- 
lem of bed-wetting. It is concise, humor- 
ous and very helpful. V. H. 

20th Century Speech and Voice Correction. 
Edited by Emil Froeschels, M.D. 19 con- 
tributors. Pp. 321; 33 ills. New' York: Philo- 
sophical Library, 1948. Price, $6.00. 

Though differing occasionally, tliese con- 
tributors have given us a helpful book. Of 
the 22 chapters, Dyslalia is accorded most 
space; this includes all functional defects 
of articulation, common causes being deaf- 
ness, inactivity of muscles of articulation, 
mental deficiency, hypcremolionality, and 
injuries to various oral parts. Prosthetic 
Therapy of tlie Cleft Palate is a well illus- 
trated chapter. N. Y, 

Medical Clinics of North America. Symposium 
on Psychiatry and Neurology. New York 
Number. Pp. 558-853. Phila.: W. B. Saun- 
ders, May, 1948. Price, $16 a year. 

The editor points out that the material 
covers a wide field in the ever expanding 
domain of psichiatry and neurology. Many 
of the articles are probably much too tech- 
nical for those outside the specialty. If this 
‘‘S)Tnposium” is for the benefit of the gen- 
eral practitioner it would seem that a much 
more satisfactory choice of articles could 
have been made. 

Among the most valuable papers are; 
Headache, An Outline for Diagnosis and 
Treatment; Anxiety States, Their Recogni- 
tion and Management; Differenb'al Diagno- 
sis of Coma. On the other hand there are 
those that are cither exceedingly leclmical 
(i. c., “Hj-pnotic Psychotherapy"), or ebe 
founded uixm principles which are contro- 
versial (c. g., "'Electroshock Therapy in an 
Out-patient Setting”). Some of the psycho- 
dvnamics put forward are open to ques- 
tion (c. g., ‘'.-Mcoholism, Its Nature and 
Treatment"). .\ny svanposium of this tvpe 
for tlie general practitioner should contain 
only material which is generally accepted 
by the specialists in the field and should 
avoid articles of loo technical nature. 

D. A. 
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BOOK REVIEWS AND NOTICES 


NEW EDITIONS 

A Textbook of Gynecology. By Emil 
Novak, M.D., F.A.C.S., Ass’t Prof, of Gyne- 
colog}', Johns Hopkins Medical School. 34 
ed. Pp. 742; 484 ills. Balt.; Williams & 
Wilkins, 1948. Price, $8.00. 

In this edition, tlie author has just about 
covered the non-operative portion of gynecol- 
ogy. In the discussion of sterility no mention 
is made of the work by Farris upon the tim- 
ing of ovulation. Only one page is devoted to 
the subject of the anatomy of tlie pelvic floor. 

The book is written dirough die eyes of 
a combined clinician, endocrinologist and 
padiologist and every page reflects the impor- 
tance of each of these fields in the teaching 
and the practice of modern gynecology. The 
writing is so facile that the reading is effort- 
less. Many of the illustrations are in color and 
both the microscopic and the gross pictures 
are purposeful and lucid. The chapters upon 
functional gynecological disturbances and 
upon bachache are especially replete widi val- 
uable infomiation and sound advice. 

As one reviews the book as a whole, the 
impression arises that it will be more readily 
assimilated by and therefore more valuable 
to the general practitioner and the younger 
specialist than to the undergraduate student. 

F. P. ■ 

LABoiUTonv Diagnosis of Pbotozoan Dis- 
eases. By CuMXLES Franklin Craig, M.D., 
Emeritus Prof, of Tropical Medicine, Tu- 
lane Univ. Medical School. 2d ed. Pp. S84; 
36 ills., 7 color plates. Phila.: Lea & Febi- 
ger, 1948. Price, $6.50. 

The new edition of this book has been en- 
larged by 35 pages. Plates in color of the 
plasmodia of malaria and a number of newer 
diagnostic methods have been added. It 
would have been improved further had the 
author dropped some of the out-moded meth- 
ods :ind been more critical of those which 
arc included and more e.vpiicit in his state- 
ments of their value and the conditions under 
which they may be used. H. R. 

Diseases or the Chest. By Robert Coope, 
M.D., B.Sc., F.R.C.P., Hon. Physician, 
Royal Liverjiooi United Hospital. 2d ed. 
Pp. 311; 16S ills., 8 in color. Edinburgh 
and Balt.: Williams & Wilkins, 1948. Price, 
$7.50. 

This book is designed for "students and 
practitioners . T he first C chapters arc de- 
moted to tlie p!nsio!ogic.al and anatomical 
principles underlying diseases of the lung, 
uiili empha>i^ njvi.n tfic segmental divisions of 
the lung lole-s. and to the fundamental prinei- 
ph s of phvsic.d diagnmis. 


The main portion of the text is devoted to 
descriptions of the various acute and chronic 
lung diseases. The more common conditions 
are covered fairly completely; the rarer con- 
ditions receive at least a few paragraphs, to 
aid in tre differential diagnosis. Diseases of 
the pleura and mediastinum are also covered, 
and tliere are chapters on chest injuries, oxy- 
gen therapy, and disturbances of tlie pulmo- 
nary circulation. The use of sulfonamides in 
pulmonary infections is discussed, but little 
space is given to penicillin, and streptomycin 
is not mentioned; this is undoubtedly due to 
the scarcity of those drugs in Great Britain. 

The book is very well written, and contains 
numerous drawings to illustrate important 
points of the te.xt. There is only one plate— an 
x-ray of a normal chest— in the main portion 
of die book; an appendix contains reproduc- 
tions of 32 illustrative films. 

This is not a reference book on pulmonary 
diseases, but can be recommended for gen- 
eral use to students and general practitioners. 

H. H. 

A Handbook for Dissectors. By J. C. Boileau 
Grant, Prof, and Director, and H. A. 
Gates, Prof, of Anatomy, Univ. of Toronto. 
3d ed. Pp. 415; 19 figs. Balt.: Williams & 
Wilkins, 1948. Price, $3.00 
This is a dissecting guide for use in con- 
junction with a Method of Anatomy, the 
textbook by Dr. Grant. It is in no sense a 
textbook of anatomy and can not be used 
alone. Its value is limited mainly to the 
beginning student in the dissecting labora- 
tory. W. W. 

Midwifery. By Ten Teachers, Directed by 
Glifford White, M.D., F.R.C.S. (Eng.). 
8th ed. Pp. 560; 217 figs. Balt.: Williams & 
Wilkins, 1948) Price, $6.00. 

Essentials of College Chemistry. By C. lb 
WitiTEFORD, Ph.D., and R. G. Coffin, 
M.S. 3d ed. Pp. 632; 76 figs. St. Louis, C. 
V. Mosby, 1948. Price, $4.75. 

lieccnl Advances in Obstetrics and Gynecol- 
ogy. By Aleck W. Bourne, M.A., M.B., 
F.R.C.S. (Eng.), and Leslie H. Williams, 
M.D., M.S., F.R.C.S. (Eng.). 7th ed. Pp. 
.326; 85 ills. Phila.: Blakiston, 1948. Price, 
$ 6 . 00 . 

Clinical Laboratory Methods and Diagnosis. 
By R. B. H. Gradwohl, .\I.D., D.Sc., 
F.R.S.T.M. & H. (London). .3 Vols. 4lh ed. 
Pp. .3300; 1100 ills., 50 color plates. St. 
Louis: C. V. Mosby, 1948. Price, $40.00. 

Outline of Physiology. By William R. Am- 
iiERsoN, Ph.D., and liiirmicii C. Smith, 
Ph. D. 2d ed. Pp. 302; 192 figs. Balt.: Wil- 
li.inis li Wilkins, 1948. Price, $3.00. 
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Massive liyper trophy of the heart 
provides interesting material for the 
study of tlie etiology of enlargement 
and the pathogenesis of cardiac fail- 
ure in advanced heart disease. In his 
monograph, published in 1926, Cabol^ 
pointed out the relationship of etiol- 
ogy to heart size. The concepts of 
left and right ventricular failure had 
been realized for many years prior to 
that, however. As early as 1728 Lan- 
cisi'"' described the consequences of 
right-sided failure, and later, in 1832, 
Hope'’ published his ideas on the symp- 
tomatology of left ventricular failure. 
The facts that both chambers may fail 
simultaneously and that failure is usu- 
ally preceded by hypertrophy arc also 
accepted axioms of cardiolog\'. 

In 1910 Bcrnheim’ suggested an ex- 
ception to the rule that the signs of 
right \cntricular failure follow hyper- 
trophy of the right myocardium, and 
in 1915- he amplified liis thoughts on 
the matter. He believed that the syn- 
drome of right ventricular failure willi- 
out significant hypertrophy which bears 
his name resulted from eccentric left 


s'entricular hypertrophy' or preponder- 
ant left venti'icular hypertrophy of 
marked degree associated with mini- 
mal hy'pertrophic change of tlie right 
ventricle. Bernheim stated that the 
effect of such changes was partial oc- 
clusion of tlie right venh'icular cavity 
by the intrusion of tlie septum into it, 
witli consequent limitation of the 
amount of blood which die right ven- 
tricle could accept. Following this 
change there developed the symptoms 
of right heart failure. These he listed 
as distention of the neck veins, injec- 
tion of the facial veins followed bv 
cyanosis, edema of the lower extremi- 
ties, and congestion of the li\cr. He 
said that these signs should be present 
in the absence of pulmonary edema. 

Within recent y'ears two reports on 
Bernheim’s syndrome have appeared in 
the American literature.^-- These have 
helped to stimulate interest in the sub- 
ject. In the first of these the sequence 
of the patient’s symptoms was: palpi- 
tation. comih. dyspnea, orthopnea, and 
finally edema. .Also, in one of the 3 ex- 
amples presented in the second report. 


486 


EVANS, white: jiassive hypertrophy of the heart 


the patient had the physical signs Since this syndrome pertains specificaUv 
and post-mortem findings of mitral to hj-pertrophy of the myocardium, only 
stenosis, and in both of the others those hearts weighing 750 grams or more 
there was evidence of pulmonary con- selected. Clinical records of these 

„ i cases were used to obtain the data tor our 

geshon at the physical examinabon , ^ 

w a. V f*OTT*f**i n i~i on ^ 

when peripheral edema was first oh- 2000 patients there 

served. Moreover, in tlie autopsy sta- ^vere 28 whose heart weight was in the 
tistics of the latter 2 cases the liver range between 750 and 900 grams, and 5 
weights were 850 grams and 1100 vdth cardiac weights exceeding 900 grams, 
grams, which does not indicate pas- There were, therefore, 33 hearts which 


sive congestion, nor are pulmonary 
weights included in tliis report. It is 
our opinion that inasmuch as left ven- 
tricular failure is the commonest cause 
of failure of the right ventricle the 
signs of peripheral venous congestion 
should precede those of pulmonary 
congestion if a clear cut diagnosis of 
Bernheim’s sjmdrome is to be made. 


presented the picture of massive hyper- 
tiophy and weighed at least twice the 
normal average weight. 

A breakdown of these figures showed 
that 29 of the enlarged hearts belonged 
to men, and four to women. The average 
age of the male patients was 54 years at 
the time of death, with individual ages 
ranging from 16 to 87 years. The ages 
of the females averaged 53 years and 


To tliis reasonable qualification should ranged from 42 to 65. 

be added the elimination of lesions Inasmuch as the picture of right 


TABLE 1. PATHOLOGICAL DIAGNOSES 


Dinjtnosis 75&-900 Grams 

H>'pcrtcnsivc heart disease* 14 

Rheumatic heart disease 
mitral valve disease only 

mitral and aortic \'alve disease 4 

raitrah aortic, and tricuspid valve disease 1 

Aortic stenosis, calcareous* 3 

lI>Tcrtension with mitral and aortic rheumatic vahailar disease 1 

‘^Vrlcriosclerosis, coronar>'*'* 1 

Arteriosclerosis, aortic, with ancur>-5m* 1 

.S>Thililic aortitis, with .aortic rejuircitation* 1 

''Aycnca’s disease" ^ 1 

"Myocarditis, chronic, oF unhnowm ctiolog>'" 1 

Total 28 


* Suitable for analysis as possible Bembeim’s S>’ndroinc~22 cases. 


900 Grams or more 
2 

1 

2 


commonly associated with right ven- 
tricular insuERdency, for example, mi- 
tral stenosis, extensive or massive 
pulmonary embolism, and chronic 
pnlmonar\' obliterating endarteritis. 

Since this so-called svmdrome has 
lacked adequate appraisal and yet is 
occasionally and casually diagnosed, 
we liave studied tlie clinical and post- 
mortem records of a scries of patients 
with grossly hypertrophied hearts. 

Maleri.nl. Tlie material used in this 
.ntudy was secured from 2000 consecutive 
post-mnrtcru examinations performed hc- 
iween Ma\- 10, 1941 and .April 27, 1946 
at the .Mass.iehiisrtts Gener.nl Hospital. 


ventricular failure in patients with this 
complex is supposedly the result of a 
h>’pertrophic lesion of the left ventricle, 
the 33 gross!}' h}'pertrophicd hearts had 
to be classified as to the etiology of their 
disease (Table 1.) Of the total, 22 fell 
into categories usually associated with en- 
largement of the left ventricle, as fol- 
lows: hx'pertcnsivc heart disease, 16; cal- 
careous aortic stenosis, .3; aortic aneuiysin 
due to arteriosclerosis, 1 ; coronary arteri- 
osclerosis, 1; and syphilitic aortitis with 
aortic regurgitation, I. These 22 could 
accordingly he studied as possible in- 
stances of Bemheim’s syndrome; they 
are marked with an asterisk in Table 1. 

The large hearts resulting from lesions 
which usually cause right heart failure 
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numbered 10. Rheumatic heart disease 
with mitral stenosis alone accounted for 
1; mitral and aortic involvement, 6j mi- 
tial, aortic, and tricuspid stenosis, 1. 
Hypertension and glomerulonephritis were 
associated witli rheumatic mitral and 
aortic stenosis in 1 case, and in 1 pulmo- 
nary endarteritis (“Ayerza’s disease”) was 
the responsible factor. Chronic myocar- 
ditis of undetermined origin was found 
to be the cause of enlargement in 1 heart 
which weighed 750 grams. 

Our figures in Table 1, on the incidence 
of the various basic pathological lesions, 
are in general agreement with previous 
studies.^ Hypertension was the most 
common etiological factor in tliese large 
hearts, but tlie very largest more often 
resulted from rheumatic heart disease. 
The 3 hearts in the rheumatic group which 
exceeded 900 grams in weight weighed 
1350, 950, and 925 grams respectively, 
while the 2 exceedingly hea\'y hyper- 
tensive hearts weighed 920 and 900 
grams each. The largest heart of the en- 
tire group (1350 grams) was one with a 
rheumatic deformity of the mitral \'al\'e 
unassociated with an aortic lesion. 


peared unassociated witli left in tlie pres- 
ence of left x'entricular hyperhophy. 

The plan has been to analyze the 22 
suitable cases from 4 points of view. 
First, a study was made of the inih'al and 
secondarj; symptoms of cardiac failure in 
lire clinical histories. Secondly, an at- 
tempt was made to determine from the 
weight of the lungs and liver in a given 
instance whether peripheral congestion 
had been present without pulmonary con- 
gestion. To do this the patients with 
lungs of normal, or near normal, weight 
and with livers exceeding tlie normal fig- 
ure were listed and the clinical record 
tlien examined to see whether the case 
had fitted the Bernheim criteria at the 
date of initial failure. Thirdly, since pro- 
nounced h>T5ertrophy must be present to 
cause encroachment of the interventricular 
septum into tlie lumen of the right heart 
chamber, the hearts with left myocardial 
thickness at least twice greater than nor- 
mal were studied from the point of view 
of clinical and patliological findings. ■ 
Fourthly, as Clushicn’ has pointed out, 
this t>'pe of failure should result in en- 


TABLE 2. THE EARLY SYMPTOMS OF FAILURE IN 22 H^TERTROPHIED HEARTS 
WITH MARKED LEFT \'ENTRICULAR HYPERTROPHY 


First Sjinptoms 


Dyspnea 15 

Fnlintic 5 

Faintness 2 

Snbslcmal oirpression 2 

Ortliopnoa 1 

Edema 1 


In searching Uiis group of 22 hearts 
with left x'cntricular hypertrophy for ex- 
amples of the Beniheim complex sev'cral 
points were considered. Since the com- 
monest cause of right hcarf failure is a 
failure of the left side, it seemed reason- 
able to expect the signs and s\’mptoms of 
right-sided failure (venous distention, 
edema, hepatomegaly) to precede those of 
left-sided failure (dyspnea, orthopnea, 
paroxysmal noctunial dyspnea) in this 
svndroine. Accordingly a list was made 
of the patients’ earliest .symptoms and 
signs of cardiac failure, of their mvo- 
cardial thickness— and their pulmonar)’ 
and hepatic weights, to learn the fre- 
quency with which right-sided failure ap- 


Sccond Symptoms 


Dyspnra 7 

Orthopnea 7 

Edema 5 

Nocturnal dyspnea 5 

CoiiRh 3 

Suhstemal oppression 1 

P.ilpitalion 1 

Paroxysmal fibrillation 1 


largemenl of the right auricle witliout 
concomitant right ventricular dilatation. 
This, then, was investigated in the roent- 
gcnographic examinations which had been 
made on these patients. 

Findings. Tlie e.xamination of the 
clinical records of the 22 patients who 
xvere considered, because of tlieir 
patliological findings, as candidates 
for Bernheini’s si'ndronie, was inter- 
esting. 

1. Tlie first si'iiiptoms of heart fail- 
ure to make their appearance are class- 
ified in Table 2. Only 1 patient was 
edematous before becoming dyspneic. 
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TABLE 3. LESIONS OF 22 CASES WITH MARKED LEFT VENTRICULAR 

HYPERTROPHY 



Total Heart 

Thickness of Wall 

Weight of 

Weight of 

Pathology 

IVeiohi 

Left Ventricle 

Right Ventricle 

Lungs 

hirer 

Normnl 

{Grams) 

{mm.) 

(mm.) 

{Grams) 

(Grama) 

250-3 

.Yo. 

50* 

10-12* 

3-4* 

900-1280** 

1440-1680** 


HypprJension 

1 

780 

93 

8 

ICOO 

2200 


2 

900 

93 

10 

1300 

2750 


3 

800 

17 

9 

2000 

1680 


4 

920 

95 

10 

1075 

2300 


5 

780 

18 

5 

740 

1320 


G 

700 

15 

5.5 

1000 

1000 


7 

785 

23 

C 

910 

1320 


8 

870 

2G 

8 

940 

2550 


n 

850 

94 

8.5 

2150 

2100 


10 

810 

94 

6 

980 

1530 


11 

800 

20 

C 

1800 

2400 


12 

800 

20 

G 

1200 

2300 


13 

840 

90 

10 

1750 

1800 


14 

840 

IG 

7 

9750 

1900 


15 

890 

15 

G 

1650 

1750 


10 

750 

90 

4 

1320 

1800 

Av. 


825 

91.1 

7.1 

1535 

1918 

Aortic Pten. 

17 

825 

15 

0 

1500 

1500 

cnirnreous 

18 

800 

29 

5.5 

1170 

1400 


111 

850 

29 


1100 

1470 

Av 


895 

m.c 

7.1 

1285 

1123 

•Vrlcrioscleroais 







coronary 

20 

775 

15 

8 

1250 

2300 

Syphilitic 

21 

750 

25 

G 

9000 

2000 

Arleriosclcro.ais 







aortic 

oo 

750 

1C 

5 

1340 

2750 

Avcraitc 


RIO (im. 

9Q.G mm. 

7.1 mm. 

1400 Gm. 

ini4 Gm. 

• Ilcf. 8. 






nci. n. 

•• lU-f. !). 


All who had edema as a second symp- 
tom of incompetence had had preced- 
ing dyspnea, and in most instances a 
second symptom of left ventricular fail- 
ure appeared simultaneously vith 
edema, so that they could hardly be 
classed as primary right heart failure. 

The one patient with edema listed 
as the initial symptom is recorded as 
No. 6 in Table 3. From both clinical 
and pathological standpoints there 
were substantial reasons for objecting 
to a diagnosis of the syndrome in his 
case. The patient was unable to give 
a history, and what information was 
IcnouTi was sujiplied by his physician, 
who had seen him but once, briefly, at 
the time he was sent to the hospital. 
He was said to have had ankle swell- 
ing for 2 weeks only. On admission he 
had massive pitting edema as high as 
the sacrum, enlargement of the liver, 
and cersieal venous distention, but in 
pdditi(m moist rales filled the lower 


halves of both lung fields and auricular 
fibrillation was present. At post-mor- 
tem examination neither the lungs nor 
liver were sufficiently congested to be 
of more tlian normal weight. Beside.s 
hypertensive renal disease, age (8/ 
years), arrhythmia, and severe emacia- 
tion contributed to this man’s failure. 
He also had thrombosis of the peh'ic 
veins and infarction of the right lower 
lobe of the lung. In view of all these 
discrepancies, a diagnosis of Bern- 
heim’s .syndrome would be poorly 
founded. 

2. In Table 3 pathological values of 
the 22 patients are given for purpo.ses 
of evaluation. In the list there are C 
instances (Nos. 2, S, 12, 16, 20, 22) of 
the association of a heavy liver with 
lungs of normal or nearly normal 
weight. Tlie clinical data for tlicse 
particailar patients are listed in Table 
4. since from the pathological findings 
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one might expect them to have had 
right heart failure in die absence of 
left. As may be seen, the 5 with symp- 
toms of failure had dyspnea as the 
initial complaint of insufBciency, and 
in 3 the second manifestations of in- 
competence were those of left ven- 
tricular weakness, namely, orthopnea 
and iiaroxysmal nocturnal dyspnea. 
One patient, No. 2, had edema as his 
second cardiac symptom, and although 
it was associated ivith orthopnea he 
might be expected to show some of die 
features of Bernheim’s syndrome. 
However, diis was not the case, since 
he had had no distention of the cervi- 
cal veins and at every physical ex- 
amination during die course of his ill- 
ness pulmonary rales had been heard. 
.At autopsy the pathologist found 
marked pulmonary edema present. Pa- 
tient No, 12 did have cyanosis, some 
congestion of die cervical veins, and a 
slight trace of edema of die lower ex- 


ventricular myocardium measured 20 
mm. in diickness as compared with 4 
mm. on die right, an excellent e.x- 
ample of “eccentric hypertrophy.” 

3. Patients showing the greatest de- 
gree of left ventricular hypertrophy 
should be the ones to show the fea- 
tures of diis symptom complex. For 
this reason all diose widi a left ven- 
tricular wall diickness of 24 mm. or 
more, twice die normal value, were se- 
lected and listed in Table 5. These 
patients correspond to Nos. 4, 8, 9, 
10, 11, and 21 in Table 3. Only one 
(No. 9) had any evidence of right-sided 
failure, and tiiis was peripheral edema 
which occurred subsequent to the on- 
set of fatigue and dyspnea. Even 
diough there was passive congestion of 
the liver and that organ exceeded its 
normal weight, the preponderant na- 
ture of die failure in the pulmonary 
circulation can be deduced from die 
fact that the weight of the lungs out- 


. TABLE 5. INCREASED LUNG AND LIVER WEIGHTS IN RELATION TO EARLY 

SYMPTOMS 


Case 

Lung Weight Exceeding 

Liver Weight Exceeding 

First Cardiac 

Second Cardiac 

Normal 

Normal 

Symptom 

Symptom 

4 

X 

X 

fatigue 

palpitation 

dyspnea 

8 


X 

dyspnea 

fatigue 

paroxysmal noctur- 
nal dyspnea 
orthopnea 

9 

30 

X 

X 

fatigue 

dyspnea 

pain 

edema 

dyspnea 

orthopnea 

11 

X 

X 

dyspnea 

paroxysmal noctur- 
nal dyspnea 

21 

X 

X 

nocturnal 

substemnl 

oppression 

orthopnea 
paroxysmal noctur- 
nal dyspnea 


trcinilie.s. Thougli there were no pul- 
monary rales, his second heart sound 
in the pulmonic area was accentuated, 
;.uggesting excessive pressure within 
the lesser circuit. .At post-mortem ex- 
amination he was found to have car- 
diac tamponade due to a dissecting 
aneurysm which extended to the peri- 
cardium, the neck \essels above, and 
the iliac vessels distally. His acute 
illness Listed only four days. One pa- 
tient of the six (No. IG) had never had 
symptoms of failure, although his left 


weighed that of the liver at post-mor- 
tem examination. 

4. Seventeen of the 22 patients with 
primary left ventricular hypertrophy 
had one or more Roentgen-ray c.x- 
aminations. Seven had general cardiac 
enlargement, seven showed enlarge- 
ment in the region of the left ventricle, 
4 had dilatation or tortuosity of the 
aorta, and 1 had cardiac dimensions 
wliich were reported as normal. None 
of the 17 had any lesion interpreted as 
right auricular dilatation. 
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Discussion. In tliis series of cases 
analyzed from several points of ■view 
no clear cut case of Bernheim’s syn- 
drome could be found, even in a group 
of hearts selected particularly for tlie 
presence of left ventricular hyper- 
trophy of an advanced degree. The 
same was true of those witli post-mor- 
tem findings suggesting hepatic con- 
gestion without pulmonary edema. 
Roentgen studies and symptom analy- 
sis did not yield any evidence favoring 
a diagnosis of Bernheim’s syndrome. 
On theoretical grounds also Bernheim’s 
syndrome would seem unlikely. Tlie 
tliin-walled right ventricular cavity 
should be able to dilate sufliciently as 
a crescent-shaped chamber overlying 
the left ventricle so tliat there need be 
no obsti’uction to blood flow through it. 

Furthermore, in some of the cases 
already recorded as showing Bem- 
lieim’s syndrome, actual pulmonary 
embolism or otlier cause of increasing 
pulmonary blood pressure has been 
casually and without rvarrant disre- 
garded as an important factor favoring 
right heart failure in the absence of 
left heart failure. 


Summary' and Conclusions. Tlie 
study of a group of 33 hearts weighing 
more than 750 grams showed that 
hypertensive heart disease was the 
etiologic agent in 16, while rheumatic 
heart disease ivith mitral stenosis alone, 
or with aortic valve involvement, was 
responsible for 8 and for tlie largest of 
those examined. In the remainder die 
causes of enlargement were: calcare- 
ous aortic stenosis in 3, and, in 1 each, 
liy^iertension with rheumatic heart dis- 
ease, “coronary arteriosclerosis,” “arteri- 
osclerosis of tlie aorta ivith aneury'sm,” 
sj'philitic aortitis ivitli aortic regurgi- 
tation, “Aj'erza’s disease,” and “chronic 
myocarditis.” 

In the hearts of the group wnth left 
venh’icular hypertrophy no instance 
could be found of isolated early signs 
or symptoms of right-sided failure. We 
concluded from tliis analysis, as well 
as from prior experience, tliat we have 
yet to encounter any unquestionable 
case of so-called Bernheim’s syndrome. 
It ivould appear sensible to drop this 
designation unless proof can be ad- 
duced to support it. 
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The correct clinical interpretation of 
a prominent downward deflection at 
the beginning of the initial ventricular 
deflection in standard Lead III remains 
most difiicult. When tj'pical electro- 
cardiographic QRS patterns exist, 
wherein tlie left leg is initially negative 
to both the right arm and the left arm 
with a resulting Qj and Q3, the picture 
may be diagnostic of a previous infarc- 
tion located in tlie posterior or dia- 
phragmatic wall of the heart. When 
only a deep Q3 is present, interpreta- 
tion of it in respect to previous infarc- 
tion tends to become a question of sta- 
tistical probability. Many investiga- 
tions have been carried out to differen- 
tiate the “normal” and “pathologic” Q3, 
and many aspects of the problem have 
been clarified. Perhaps, as similarly 
located electromotive forces may be 
operative in causing both types of Q 
wave, and as. in some cases, the effects 
may be additi\x', it might be better to 
classify a Q. as not significant, or sig- 
nificant of previous infarction. It is 
important that apparently rather mini- 
mal .'■carring of the posterior diaphrag- 
matic wall of the left ventricle may 
e.uisc a significant Q, but that a Q,- 
ilo'-s not reflect "coronary disease” in 
the absence of previous myocardi.Tl 
infarction. 

Any el>c(rnc.irdiographic method 
til it v.onlfl clarify l!ic proldem of the 
(1 (.> ’.'.'li'-n sneh is liie f>rilv 

• i:. I';, - efi ,! !•,. . 

If’ ■ :■■■ : 'o [OiT 


elecbocardiographic relic of infarction 
would be verj' worth while. Tlie use 
of e.xtremity unipolar potentials,“’“ ae- 
cording to the method of Wilson, or an 
augmented extremity potential obtain- 
ed by disconnecting tlie limb explored 
from tlie central terminaP’- has made 
the conception of tlie problem easier. 
The so-called left leg augmented uni- 
polar extremity lead, namely the re- 
corded changes of tlie potential of the 
left leg relative to the mean potential 
of tile two upper extremities, has been 
of considerable value."'® Absence of a 
Q wave in this lead is strong evidence 
against a previous posterior myocardial 
infarction. However, the interpretation 
of Q in tin’s lead frequently needs to be 
made with the same caution and statis- 
tical aiiproach, jiarticularly if one’s pa- 
tients include many with lij'pertension, 
as are used in interpretation of the Q 
wave in standard Lead III.® 

Experience at the Mayo Clinic 
esophageal electrocardiography in at- 
tempting to elucidate tlie Q3 problem 
has been scattered over the past 10 
years, beginning after the study of 
Hamilton and Ny^oer.® The use of 
small but heavy electrodes wtli thin 
flexible lead wires has made tlie prob- 
lem easier for the patient, who may 
either swallow the electrode like a 
capsule or allow it to pass down the 
throat when it is introduced through 
the nose. For comparison of esophag- 


tiir* tls»* Amu- rr .in lA-fi^ r.ilifiij f(»r f;lini(.il lii-M TircIi, 
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eal electi-ocarcliograms made at differ- 
ent levels it has been helpful to use 
multiple electrodes at fixed distances 
along tlie small-caliber flexible plastic 
tube wbicb carries tire insulated lead 
wires. In the past year or more a di- 
rect writing electrocardiographic ma- 
chine has greatly facilitated the explor- 
ation of the electric field of tire esoph- 
agus and stomach. In tlie records 
of recent years tire indifferent electrode 
has been the centr-al terminal of Wil- 
son, and an upward deflection on the 
graphic record has represented relative 
positivity of the esophageal electrode. 

Early experience indicated that the 
value of esophageal leads in the diag- 
rrosis of healed posterior myocardial in- 
farction was slight when compared to 
the exceptional usefulness of precordial 
leads in old infarction of tire septum, 
apex and lateral walls of tlie left ven- 
tricle. It has not been possible to ob- 
tain correlation studies of the esophag- 
eal electrocardiogram and the path- 
ologic anatomy of the heart in our 


group of subjects as no patient has died 
within a j'ear of the time the esophag- 
eal electrocardiograms were taken. It 
was apparent that great caution had to 
be exercised regarding tire interpreta- 
tion of deep Q waves, with or without 
a following R wa\'e, and of inverted T 
waves of the esophageal electrocardio- 
gram even when the electrode had 
seemed to be at the ventricular le\el 
as judged by die absence of an intrinsic 
type of wave in the P wave. However, 
from the study of the early tiacings 
made at the clinic in 1938 and 1939 by 
me, it was evident diat in some cases 
the electrode probably had not been 
passed deeply enough into the esopha- 
gus or upper part of the stomach to ex- 
plore completely the tj'pe of i^entricular 
complexes at low esophageal and gas- 
tric levels. Due to die great variations 
in the length of the neck and thorax, 
actual distances from the teeth or nares 
arc not definitely significant except for 
repeated studies of the same person. 

A group of 50 cases in which esophag- 


ESOPHAGEAL ELECTROCARDIOGRAMS AT THE VENTRICULAR LEVEL 


Typ» 

ElectfOCordlogropMc 

poltern 

Number of 
coiei 

Angina without 
cllnlcot tMofction 

Pravious 

inforction* 

Dicgnottic 

02 03 TjTs pottarn 

A 

'fv 

6 

2 

3 

2 

B 


12 

1 

4 

2 

C 


19 

. 

6 

5 

1 

D 


6 

1 

2 

2 

E 


4 

2 

2 

1 

F 


3 

t 

2 

1 

Teton 

50 1 13 

1 IB i 9 


♦ Typitcl Mitory cr rf Cittfetifs *ilh edPlcel tftccpci.t ers ECG e^c^■ Jf » 

Fiir. 1. Tlie v.irious patterns of csophaucal clcclrocardiogranis obtained in persons «']io Ihk! 
liad posterior myocardial infarctions or wiiose clectrocardioarains niiglif ton'e one to ssjspcr! 
tiio presence of sucb a TOuditiou. The diffievdties cncomrtered when trai incs are made wiiii 
tlie electrode near tlie atrioventricular junction are discus<ed in the text. 
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eal electrocardiograms were made has 
been chosen for tire purpose of deter- 
mining the probability of obtaining 
diagnostic esophageal electrocardio- 
grams in cases in which the history and 
electrocardiograms at the time of an 
acute episode indicated previous acute 
myocardial infarction and in cases in 
which only angina pectoris or a deep 
Qa in the electrocardiogram was pres- 
ent. In addition, some technical diffi- 
culties which the beginner in esophag- 
eal electrocardiography might encoun- 
ter are mentioned. 

The electrocardiographic and diag- 
nostic data are consolidated in Figure 
1. Of the 50 patients, 18 were be- 
lieved to have had an acute myocardial 
infarction, and in half of tliese 18 a late 
diagnostic Q^QaT^Ts pattern had re- 


sulted which was present at tlie time 
of die esophageal electrocardiographic 
study. Tlrirteen patients had angina 
pectoris witliout any clinical evidence 
on which to suspect infarction, and tlie 
other 19 were without chnical evidence 
of coronary disease. Of tliese 19 pa- 
tients 16 showed deep Q waves in 
standard Lead III and the remaining 3 
had deeply inverted T wai'es in Leads 
II and III with tlie “electrocardiograpli- 
ically vertical” variant of the left ven- 
tiicular strain pattern. 

It is apparent tliat tlie esophageal 
tracing may present a variety of ap- 
pearances in the presence of a pos- 
terior myocardial scar, in both the 
presence and tlie absence of other 
electrocardiographic evidence of tlie 
previous infarction. The electrocardio- 



I'i". 2, Kvoplinyr.il ck-ctroc.irdiof;r.'inis illustrating a diagnostic pattern of old posterior riiyo- 
i'.irdi.il infarction. The standard leads and aVF present typical evidence for such a diagnosis in 
tlvin'clves. The similiarity of the esophageal tracing made with the electrode at a distance ol 
•jO cm. from the teeth to tracings made with the electrode on the precordium of patients who 
h.ave had an anterior infarction is evident. The tracings were obtained on a man of 52 years 
who had no symptoms hut who had had an attack of severe chest pain two years previously 
ssith tspii-.d eh ctrocardiographic esidence of acute posterior rnyocarrlial infarction at that time. 
In this .and suh .'fp.ent figures, the standard electrocardiographic leads in the column on the leU 
are d'-ugr. it' d hy Roiii.in numerals. The “augmented limh potentials” of the right ann, left 
■irm an-! !-ft h '.t from alio-.r dou-nward on the second column are indicated hy the symbols aVfi. 
.s\ I. an-. .i\ 1 . In tl.e third colutnn are chest leads from the 1, .2 atirl 3 prccortlial prjsilions. 
U'lri'.; a' t’.- indii.'ert nt eh-ctriKle the central lentiinal of Wil'on. In the last column are eso- 
;d.ig.-al tros-ardi'igrams ohtain'-d at the distances from the teeth indicated. 
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graphic patterns most .to be relied 
upon as indicating an old infarction 
are tliose indicated under E and that 
showm under D in Figure 1 and having 
the inverted T wave (Fig. 2 and Fig. 3). 
Pattern A is tlie characteristic QRS and 
T observed at atrial levels but if it per- 
sists at lower levels it is indicative of 
previous infarction. Patterns B, C, 
and F may occur in a group of persons 
without coronary sclerosis. The nega- 
tive T waves in tliese patterns (Fig. 4), 
when not reflecting coronary disease, 
are largely related to tlie group of pa- 
tients in which there are many hj^per- 
tensive individuals, a relationship tliat 
was early recognized by Nyboer.® 

Comment. The close similiarity be- 
tween the normal ventricular complexes 
at atrial levels and ventiicular com- 


jjlexes characteristic of posterior myo- 
cardial infarction at infra-atrial levels 
in esojihageal electrocardiograms may 
make interpretations of single esophag- 
eal tracings difficult. The length of 
the transitional zone in different types 
of cases requires furdier study, as Q 
and QR deflections characteristic of 
atrial levels may sometimes persist be- 
low the level where tire P waves no 
longer show definite inhinsic deflec- 
tions (Fig. 5). The problem is more 
difficult when one is inquiring into tlie 
jirobabilities of previous infarction in 
patients having associated valvular or 
hypertensive disease than when one has 
to decide only between complete 
normality and deviations therefrom. It 
might be thought that esophageal 
electi'ocardiograms would be more 



1;'S. {>T>ical paltcni of old posterior infarction in tlie standard Ic.ads and in aVF. The 

reciprocal Ins'll \-oltagc T was’cs of the inid-prccordi.al leads and the esophageal lead arc to be 
particularly noted. .V deep Q wave with a W-sliapcd QfiS is present in tlie latter lead. The 
patient was S9 years of age and had had severe crushing thoracic pain lariinc S hours. -1 v, celts 
pnaioiK to his examination. 
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likely to gi\e a characteristic infarc- 
tion picture in the case of hearts that 
are in a more \’ertical position, the 
left ^'ent^icular w^all being in closer 
proximity to the esophagus, than in 
the case of hearts that lie in a more 
horizontal position; but preliminary ob-' 
servations have given no definite sup- 
port to such a supposition. This has 
been true in regard to the anatomic 
position of tlie heart as judged by 
roentgenograms and by the “electi'O- 
cardiographic position ’ as determined 


tained near the diaphragmatic level 
as has been pointed out by Helm, Helm 
and Wolfertlr.^ They also found tliat 
cavity potentials which thej' term the 
“endocardial” pattern may influence tlie 
esophageal electrocardiogram at infra- 
atrial levels. Their opinion that little 
advantage would be obtained by re- 
cording the diaphragmatic i^attern in 
the esophagus im addition to tliat of 
the surface of the leg receives some, 
but not complete, support by my in- 
vestigations. In particular, in some 



l i". 4. I'.lectroc.irciinsrams in wliich a Q: is a jjrcclominant feature in tlie .standard leads. N<i 
f 1 wave is present in aVF or in tlie esopliageal le.ad at 5-1 cm. The Q; is e.vpiained by high posi- 
li\ e potential of the left arm relative to the left log. The negative T wave in the esophageal lead 
at the 1 nwer level mav be e.vplaincd hv the left ventricular hvpertrophv. However, a posterior 
myoe.-rdial scar c ould have been a eaiisalive factor in prodiietinn of the negative T wave of this 
eyijiha'real lead as well as the high positive T wave in V-., as in some patients with knosvTi pre- 
vious posterior infarctions reciprocal high voltage T waves in Vj and esophageal leads at the 
si elrienl.ir level have been a characteristic finding, 'i'he patient was fil years of age, with an- 
'.'te t (I' etoris of 7 yi'ars dnr.itioii and a blood pressure averaging 1S.5 systolic and 1 10 diastolic. 


!)>• tile preeordinl leads and e.xlrcinity 
IKifentials, In all but a few casc.s, flic 
cfiiilignratit)!! of the esophageal elec- 
troc.ardio'graui at (Ik; s'entricular level 
has tended to aiiprovimate the con- 
ngnr.ition of the left leg extremitv 
potential. The fac t that there has been 
this r*-s'-;iih! ne - is sirring esidence 
tin! th ' eMjjjfi.igi'.d tr.ifings were oh- 


j)atient.s with right bundle-braneh block 
associated with an old posterior in- 
farction the e.sophageal leads have 
given nsefni confirmatory cc'idcnce 
(Fig. (i) similar to the evidence ob- 
tained from localized prccordial leads 
in the situation in which right himclle- 
hranch block is associated with an old 
anterior infarction. W'hile it has been 
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proved by Myers and Oren® that a 
deep Q wave in relation to the R wave 
in the esophageal electrocardiogram 
may reflect the presence of a posterior 
myocardial scar, such proof \vould be 
expected to be more readily available 
dian in a case in which the Q wave 
might not be reflecting such a scar, 
the former patient being tlie more 
likely to die. In their anah’sis of tlie 
significance of a Q 3 pattern Myers and 
Oren used esophageal leads to estab- 
lish the diagnosis of previous infarction 
in 11 of their 25 cases and to exclude 
such an infarch’on in 22 of tlie 25 cases 
in tlieir control group. Such universal 
definiteness in the diagnosis or in the 
exclusion of prewous posterior myo- 


The separation of the recorded 
esophageal electrocardiograms into the 
patterns described is purely arbitrary, 
there being no clear-cut diwsion be- 
Rveen the various types. The varia- 
bility in these esophageal electrocardio- 
grams probably indicates that some 
were made ivitli the esophageal elec- 
trode near the zone of transition when 
the ventricular tj'pe of esophageal elec- 
trocardiogram was obtained. When 
the electrode is in tlie stomach less 
variability is encountered. Witli the 
electrode in tlie stomach, it was ob- 
served in one patient witli suspected 
old posterior infarction tliat the Q wave 
increased as the patient leaned forward 
from the sitting position. In other 



I'it:. G. Elcctroc.irdiograins, ni.ndc on a patient 63 years of age, interpreted as indicating right 
bundle-branch block and previous infarction of the posterior ventricular wall. A characteristic 
history' of anuina pectoris of two years’ duration w.as obtained. Noctural angina had been pres- 
ent. Xone of the attacks of pain had exceeded five minutes in duration. 


c.nrdial infarction by esophageal elec- 
trocardiograms has not been possible 
in my experience. 

The problem of interpretation of the 
esophage.al electrocardiogram may be 
likened to the problem of interpreta- 
tion of precordial leads in the 1. 2, -3 
position of the exploring electrode. 
.Absence of R waves and negativity of 
th- T wave in these precordial leads 
often lri\f to b'- interpreted in-rcla- 
titin to the tracings made with the 
el'-ctrode also in the 4. 5 and G posi- 
tions. 


patients, it was impossible to bring out 
a completely diagnostic picture in the 
esophageal or gastric electrocardio- 
grams with the patient in many de- 
cubitus positions. Tlie various posi- 
tions of the double electrode in one 
patient arc shown in Figure 7. Deep 
inspiration and c.xpiration cause marked 
differences in relative positions of the 
electrode and heart but any particular 
phase of re.spiration did not have diag- 
nostic importance. 

Tlie adoption of esophageal clec- 
trocardio^raphy for diagnostic pur- 





I'jj;. i. RocsUgcnograms and clcclrocardiograms made on a patient G1 voars of aco who had 
liad m.vocarchal infarction of the posterior f\pe IS months previousfv. the first tracings and 
roentgenogram were made with die patient in the sitUng position and then tlie electrode was 
advanced a Jurthcr o cm. and (racings and roentgenograms were made with Uie patient in the 
Mipim- and prone positions, Tlurc was a residual Q pattern in Leads II. Ill, and a\T wliicli 
I'onld he mlenircled as assumptive es idcnce of the old infarction, hut tlic esophageal and inlra- 
gas nc electrocardiograms arc more sHiuivocal. The cleclrodfs arc 5 cm. ap.art and when intra- 
gastne. change m position when the paUent movc.s from the supine to the prone position 
^nsT ••( change m the electrocardiogram. The tracings were made at half normal 
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poses has been slow, which is probably myocardial infarction, but someh'mes 
related to difficulties in readily obtain- they are normal or are not definitely 
ing tracings of this tjyje and to difficul- diagnostic even when the heart is 
ties in their interpretation. The more known to contain a scar in the posterior 
definite criteria*'^' given for the normal myocardial wall. Esophageal electro- 
and infarction patterns of esophageal cardiograms which might be regarded 
electrocardiograms may lead to more as diagnostic of old posterior myo- 
wdespread use of this method. At cardial infarction, particularly those 
the present time it is diflBcult to know with QS deflections followed by a 
the e.xact meaning of small Q or nega- deeply in\ erted T wave, have usually 
tive T waves in esophageal electro- been associated \rith a suggestive or 
cardiograms of patients who have bor- diagnostic Q:Qc pattern in the standard 
derline normal electrocardiograms or leads in this study, 
cardiac enlargement. The possible \\niile the transitional zone through 
dangers of inducing cardiac damage if which the tipes of ventricular com- 
the patient gags and strains at tlie time ple.x characteristic of atrial levels and 
of the introduction of tlie electrode of ventricular levels are obtained is 
are beheved minimal, but, in the few usually narrow, in some instances the 
patients who have had significant dif- former ripe of comple.x ma}' tend to 
ficulri', the attempt to obtain these persist when the atrial comple.v con- 
special electroc-ardiographic leads has tains no intrinsic ripe of deflection, 
been abandoned. \\Tien esophageal leads are used to 

elucidate the clhucal significance of a 

Conclusions. Electrocardiograms deep Qc in cases in which such a Q; 
made wth the electrode in the lower is the only finding leading to the 
part of the esophagus and stomach suspicion of prerious myocardial in- 
are sometimes of great value in con- farction, the fcdings are frequently of 
firming a diagnosis of healed posterior equivocal nature. 
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We have under observation two 
sisters, aged 21 and 25 years, present- 
ing evidence of heart disease of re- 
markably similar nature. Both have 
typical physical and Roentgen-ray find- 
ings of interauricular septal defects and 
complicating mitral stenosis (Lutem- 
bacher’s syndrome) —a familial occur- 
rence that we have not found pre\'iously 
reported. 

Review of the Literature. Sixty- 
three reports describing the occurrence 
of congenital heart disease in 2 or more 
members of a famil)' ha\’e been en- 
countered in a re\'iew of the literature 
of tliis subject. Of these, 37 appeared 
in the review by Medvei and Roesler^^ 
(1932) which included 3 examples of 
their o\wi, involving in each case 2 
members of a family. In addition 
Snelling*'’ (1937), in presenting his 
case reports of 2 sisters with the clin- 
ical diagnosis of patent ductus arteri- 
osus, included a translation of Tc- 
dcsco's''"’ review (1933), which men- 
tioned 5 otlier examples of familial 
congenital heart disease not discussed 
by Medvei and Roesler. Case reports 
which have appeared since then de- 
scribe familial congenital lesions other 
than interauricular septal defects, for 
example, patent ductus arteriosus, co- 
arctation of the aorta, intenentricular 
septal defect, pulmonic stenosis’ *''-'' ”• 

'TIuv Iia' l.fN'ii ri.-xif by n cr.ml in aii 


In this review we were unable to find 
any mention of familial Lutembacher s 
syndrome. This is not suiprising since 
reports of this syndrome are quite in- 
frequent. 

More surprising, however, was the 
absence of any report of a familial oc- 
currence of uncomplicated interauric- 
ular septal defects. This seems strik- 
ing since auricular septal defects, us- 
ually simple patency of the foramen 
ovaie, are the most common of con- 
genital cardiac defects. 

In 2 reports, accompanied by patho- 
logic description, patency of the fora- 
men ovale occurred in 2 members of a 
family in conjunction with other 
more serious defects. The earliest re- 
ported example of familial congenital 
heart disease is that of Cooper and 
Englenot (ISIS). As quoted by Med- 
vei and Roesler^'*, they described a 
family of 12 children. Two children 
who died were found to haxe multiple 
congenital cardiac anomalies, in which 
patency of the foramen ovale was in- 
cluded. Tlie second example in Med\-ei 
and Roeslcr’s report’^ described 2 male 
infants, 5 and 3 weeks old rcspectivelv, 
who had patency of the ductus arteri- 
o.sus and of the foramen ovale. In an- 
other report” there occurred in 1 of 
2 infant sisters a dtTect of the inter- 
auricul.ar septum which was m'cr.shad- 
owed by more harmful cardiac lesions. 

I frrrn thp Lift' Int-.ir.inr*- Mrx5ic.i' ilcuMrcb Kisnd, 
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No autopsy was perfonned on die otlier 
sister but her cardiac lesions were 
thought to be similar. 

We therefore believe tliat our cases 
represent die first report of familial 
interauricular septal defect uncompli- 
cated by other congenital abnormalil}' 
(accepting diat the mitral stenosis in 
our cases is acquired), as well as die 
first report of familial Lutembacher’s 
syndrome. 

Clinical Report of Cases. Family His- 
tory: The family of which these 2 girls are 
a part is of German extraction, living orig- 
inally in Virginia, and moving to this com- 
munity when the oldest girl (Case 2 in this 
report) was 1 year old. There is no family 
history of disease on the maternal side, aU 
relatives dying in old age. Two brotliers and 
1 sister of the father died of tuberculosis. 
At the present time tlie father is separated 
from the family, his whereabouts urJcnown. 
He has been a chronic alcoholic, engaging in 
periodic drinking bouts over the last 20 
years. Eds hospital chart mentions no ab- 
normal physical findings on 3 careful ex- 
aminations on 2 different services, when he 
was seen here 5 years ago with the com- 
plaint of difficulty in swaUoiving. 

Other members of tlie family are normal 
physically. The mother and 2 sisters, ages 
16 and 23, have been examined and no ab- 
normalities were found. A brother, 18, is 
now seixdng in the Army. No siblings have 
died. 

During each of the 5 pregnancies the 
mother had sjTnptoms of toxemia with 
nausea, vomiting, severe headaches, and 
marked ankle swelling. These grew more 
severe with successive pregnancies. Convul- 
sions never appeared. There was no history 
of infectious diseases, such as rubella, at any 
time during her pregnancies. 

Case 1. R. D. S., 21 years old, was the 
third child. Her mother states that her 
birth was regarded as an easy “instrument" 
deliver^', and that the early development of 
the patient was normal. Walking began at 
the age of 16 months. She was not a “blue 
babj’.’’ Difficulty appeared while in the 
first grade as she was repeatedly excused 
from strenuous games because of shortness 
of breatli and easy fatigue. The motlier 
first noted the above symptoms 3 years later 
statinjr that occasionally the patient seemed 
in addition “blue around the lips and nose” 
on performing simple household tasks. She 
uxis examined by the school physician and 


disqualified for furtlier gymnastics because 
of a “bad heart.” 

Soon afterwards she developed her first 
severe illness, a “strep tliroat” with pain in 
her left shoulder. Neither the patient nor 
her mother recall pain in other joints. She 
became verx'.weak, and bed rest for 1 year 
was prescribed by the family doctor, because 
of “rheumatic fever.” When 17 she was 
again forced to rest in bed for a shorter 
period because of recurrence of the same 
symptoms. 

For the last 4 years her activity has been 
limited by easy dyspnea, fatigue, and usually 
constant, but mild, ankle edema, wliich be- 
cause of increasing severity led to her refer- 
ral to this clinic. For the last 2 01-3 months 
she has had a loose, non-productive cough. 
On 3 occasions digitalis has been without ef- 
fect on her dyspnea or ankle edema. 

On physical examination tlie first impres- 
sion was one of a definite immaturity in de- 
velopment. There was no cyanosis, club- 
bing of tlie fingers and toes, or neck vein 
distention. Blood pressure in all 4 extremi- 
ties was the same, 100/70. There was a 
definite bulge of the rib framework of the 
left chest with marked increase in cardiac 
■ pulsations over the apex. There were systo- 
lic and diastolic thrills felt in the 6th and 
7tli interspaces in the left anterior axillary 
line. Enlargement of the heart to the left 
was confirmed by percussion. Auscultation 
at tlie apex revealed a harsh systolic mur- 
mur and a low pitched rumbling diastolic 
murmur with marked presystolic accentua- 
tion, ending in a loud snapping first • heart 
sound. These murmurs were best heard in 
the 7th interspace in the left anterior axillary 
line, but were present over a large area of 
the lower chest as high as tlie 4th left in- 
terspace. A moderate systolic murmur was 
present in tlie 1st and 2nd Interspaces to the 
left of tlie sternum. This murmur was not 
transmitted. There was an accentuated and 
split puhnonic second sound. 

There was no demonstrable enlargement 
of the liver and no ascites was present. 

The blood picture was slightly unusual in 
that 10% eosinophilia was present, for which 
there is at present no explanation. Urinaly- 
sis revealed 1 plus albuminuria. 

The electrocardiogram showed distinctly 
abnormal P waves. Pj o were notched and 

0. 13 seconds in duration. P, 4 were inverted. 
The PR inten'al was 0.18 seconds. There 
was normal a.xis deviation and ST4 was ele- 
TOted 1.5 millimeters with T4 diphasic (Fig. 

1, A). 

Phonocardiography confirmed the auscul- 
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tatory findings. The tracing taken over tlie 
pulmonic area showed a systolic murmur 
with splitting of the second sound (Fig. 1, 
C). Over the mitral area the tracing show- 
ed the loud first sound with a systolic mur- 
mur of low amplitude and a long diastolic 
murmur of the type seen in mitral stenosis 
(Fig. 1, D). , . . 

Fluoroscopic and radiographic examination 
of tlie chest was reported as follows; "The 
transverse diameter of the heart is only mod- 
erately increased. The configuration is, how- 
ever, markedly abnormal. The aortic knob 
is not demonstrable and leaves no imprint 


on the barium filled esophagus in any xiew. 
In the frontal \dew there is marked con- 
vexity in tlie region of the pulmonary conus. 
The right and left pulmonary arteries are 
greatly enlarged but there is little pulmonarx' 
congestion. The barium filled esophagus is 
not displaced. In the right oblique \dew the 
barium filled esophagus is deviated slightly 
posteriorly in the region of the left auricle. 
A small bulge is seen behind the esophagus 
low on the posterior contour. This is thought 
to represent right auricular enlargement. 
Again the marked enlargement in the conus 
region is seen. In the left oblique view there 



Fig. 1.— (R.D.S.) A. Standard four lead Electrocardiogram. B. Teleoroentgenogram of 
chest showing configuration and fizc of heart. C. Phonocardiegram taken over pulmonic area; 
arrow points to systolic munnur. There is splitting of the pulmonic second sound. D. Phono- 
cardiogram taken over mitral area; arrow points to prcsystolic murmur. Further description 
in text. 
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is no evidence of posterior enlargement of the 
left ventricle but there is considerable prom- 
inence of the right heart anteriorly. Pul- 
sations are very prominent in both hilar reg- 
ions. No intracardiac calcifications are seen.” 
The impression was “fairly marked enlarge- 
ment of tire right auricle, right ventricle, and 
both pulmonary arteries, with ‘hilar dance.’ 
There is slight enlargement of the left auricle. 
The findings are rather typical of interauricu- 
lar septal defect. There is probably an as- 
sociated mitral stenosis ( Lutembacher’s syn- 
drome).” 

P-A teleoroentgenogram of the chest re- 
vealed the transverse diameter of the heart to 
be 13 centimeters in a chest of 25 centimeters 
transverse diameter (Fig. 1, B). 

COMMENT : This patient had cardiac 
symptoms from early life, with heart 
disease of an undiagnosed type discov- 
ered on the first examination when 10 
years old. Two subsequent illnesses 
were drought to he rheumatic fever. 
The findings at the present time are 
typical of interauricular septal defect. 
"10 this picture are added the classical 
physical findings of mitral stenosis. 
Worthy of emphasis is the fluoroscopic 
picture of right heart enlargement witlr 
tremendous pulmonar}' dilatation, and 
pulsating pulmonary vessels as evi- 
denced by a typical “hilar dance.” 

Case 2. C. D., 25 years old, is the oldest of 
the 5 children. Although not a ‘Trlue baby,” 
the mother noted early that the patient 
seemed listless and nursed poorl)'. She had 
considerable difficulty in walking because of 
“growang pains,” not walking until more than 
2 years of age. She frequently complained of 
pain in both thighs and when 3 years old, 
during an acute episode of leg pain, the 
mother noted for the first time transient 
“blueness” of the lips. The family doctor told 
the mother that the patient had a “bad 
heart” and “rheumatic fever.” When 6 years 
old the patient recovered rapidly from an at- 
tack of pneumonia. Subsequently she at- 
tended a school for crippled children for sev- 
eral years because of heart trouble. For 10 
years she has had marked shortness of breath 
even on mild exertion; slight ankle edema 
appeared 1 year ago and was rapidly relieved 
by digitalis but with minimal improvement 
of the dyspnea. At present she is quite limi- 
ted in her activity, unable to climb stairs 
oven slowlv wil1'r»tl severe dvspnca. Expo- 


sure to moderately cold air leads to marked 
tingling of her hands and feet. 

Physical examination revealed a poorly de- 
veloped girl appearing several years younger 
than her stated age. She was not cyanotic. 
Blood pressure in both arms and legs was 
90/70. Positive physical findings were limited 
to tile chest and abdomen. She, like her sis- 
ter, had a definite precordial bulge of the 
bony framework of the left chest. Percussion 
demonstrated enlargement of the heart to 
both the left and right. There were no thrills 
present. A moderate systolic murmiu: was 
heard in the first interspace to the left of the 
sternum and tlie pulmonic second sound was 
accentuated. On 2 occasions there has been 
heard a faint blowing, early diastolic murmur 
in the 1st and 2d left interspaces. An ex- 
tremely loud, harsh, systolic murmur was 
present in the 6th and 7th left interspaces 
over the apex. A short presystolic rumble end- 
ing in a loud snapping first heart sound could 
be heard in tlie 7th interspace in the anterior 
axillary line. This murmur was quite localized. 

The entire right side of her abdomen was 
tender, most marked in the right upper 
quadrant where the liver was felt 2 finger 
breadths below the costal margin in the mid 
clavicular line. No ascites was present and 
there was no ankle e;lema. Fingers and toes 
showed no evidence of clubbing. 

Urinalysis was completely negative and the 
blood picture was normal. 

The electrocardiogram revealed right axis 
deviation with high broad P waves. Pj, 3 
deviation witli high broad P waves. Pj 2 . 3 
varied from 1 to 2 mm. in height and 0.10 
to 0.13 seconds in duration. The PR interval 
was 0.17 seconds in duration. The QRS com- 
ple.xes, ST segments, and T waves were not 
unusual (Fig. 2, A). 

Phonocardiography again confirmed the 
auscultatory findings in that over the pul- 
monic area there was recorded a systolic mur- 
mur (Fig. 2, C), and over the mitral area 
a loud systolic murmur and a short presys- 
tolic murmur ending in a first heart sound 
of unusually large amplitude (Fig. 2, D). 

Fluoroscopic and radiographic examination 
of the chest was reported as follows: “In the 
frontal view tlie transverse diameter of the 
heart is markedly increased and the general 
configuration is globular. There is a tremen- 
dous prominence in the region of the pulmo- 
nary conus. The aortic knob is practically 
invisible and leaves little or no imprint on the 
barium filled esophagus in any view. There 
is some enlargement in the region of the 
lower right contour. In the right oblique po- 
sition there is slight generalized posterior dis- 
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placement of tlie barium filled esophagus. The 
marked prominence in the pulmonary conus 
region is better visualized. In the left oblique 
there is marked enlargement of the right 
heart. The heart overlaps the spine posteriorly 
even when tlie patient is almost in the true 
lateral position. Pulsation of all the cardiac 
borders is accentuated and there is marked 
expansile hilar pulsation bilaterally. No intra- 
cardiac calcification is seen. Moderately se- 
vere pulmonary congestion is present.” TJie 
impression was “marked enlargement of right 
ventricle, right auricle, and both pulmonary 
arteries, witli severe pulmonary congestion 


and ‘hilar dance,’ findings quite character- 
istic of interauricular septal defect.” 

P-A teleoroentgenogram of the chest re- 
vealed the transverse diameter of the heart 
to be 18.3 cm. in a chest of 24 cm. transverse 
diameter (Fig. 2, B). 

COMMENT; This patient also has 
had s 3 nTiptoms dating from earl)'^ life 
with a defective heart found when 3 
years old, during an acute illness con- 
sidered to be rheumatic fever. It is not 
clear v'hether her early symptoms were 



1>k;. _.-.(C.D.I .-L Standard four lead electrocardiogram. B. Telcorentgenogram of chest 
showing configuration and size of heart. C. Phonocardiogram taken over pulmonic area- 
arrow points to .systolic munnur. D. Phonocardiogram taken'^ over mitral area; arrow points to 
short presxstolie munnur. Further description in text. 
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due to congenital heart disease alone or 
in combination with rheumatic fever. 
However, these symptoms have per- 
sisted to the present time. Physical ex- 
amination is suggestive of mitral ste- 
nosis, and the fluoroscopic picture is 
typical of interauricular septal defect 
in that tlie right heart is selectively en- 
larged with a small aorta, and marked 
prominence of the pulmonary vessels 
with striking expansile pulsations, so- 
called “hilar dance.” The greater heart 
size in this case is probably related to 
a larger interauricular septal defect 
and more severe mitral stenosis, botli 
factors leading to greater strain on the 
right heart. Although tlie diastolic 
murmur of mitral stenosis is not as 
loud or as long as in tlie first case, it 
is believed that the clinical diagnosis of 
Lutembacher’s s)mdrome is justified. 

Discussion. In the literature on Lut- 
embacher’s syndrome we have found 
a total of 54 cases wth post mortem 
description of an interauricular septal 
defect complicated by mitral stenosis. 
Lutembacher, presenting the 25th re- 
corded case in 1916^-, discussed in a 
lengthy review the etiology and hemo- 
dynamics of this association. Tlie syn- 
drome was subsequently given his 
name. In 4 reidews up to 1944i3a7.2c,27^ 
a total of 52 cases had been collected. 
Since then there have appeared 2 other 
reports"’^®. No reports mentioned a fam- 
ilial occurrence. 

The etiology of the mitral stenosis in' 
this siTidrome has not been conclusive- 
ly established. Earlier MTiters felt that 
it was congenital in origin, but recent 
authorities^^'^' believe that when mi- 
tral stenosis complicates an interauri- 
cular septal defect, it is secondarj'^ to 
endocarditis acquired after birtli. Fur- 
tlier support for tliis belief is advanced 
by tlie histor)' of rheumatic fever in 
both of our patients. 

Tliere is no constant clinical pattern’ 
found in individuals suffering from an 
interauricular septal defect. In com- 


mon with other types of congenital 
heart disease, retardation of physical 
and/or mental growtli and develop- 
ment is found, such patients usually 
appearing inmature. There is frequent- 
ly a bulging of the left precordium, 
the costal cartilages to the left of the 
sternum bowing convexly. There is 
also evidence of marked increase in 
intrapulmonary pressure as indicated 
by accentuation, or splitting of the pul- 
monic second sound. Systolic murmurs 
from the apex to the base have been 
described. The most common location 
of die systolic murmur is over the pul- 
monic area in the first or second in- 
terspace to the left of the sternum. 
Occasionally, there appear diastolic 
murmurs at the base probably due to 
relative pulmom'c insufficiency. 

Since physical examination usually 
is not clearly diagnostic, much em- 
phasis must be placed upon fluoro- 
scopic examination. In recent years 
definite criteria for tlie radiologic diag- 
nosis of interauricular septal defect 
have been established, first by Ass- 
maim^ and by Dressier and Roesler^ 
and more recently by Sussman, ef al. 
This pattern consists of (1) general- 
ized enlargement of the right side of 
the heart; (2) marked prominence of 
the pulmonary conus, (3) increased 
hilar markings, frequently with “hilar 
dance”, (4) small left ventricle, (5) 
small to hjqioplastic aorta. A diagnos- 
tic procedure of value in the diagnosis 
of interauricular septal defect is right 
heart catlieterization. This has been 
discussed recently---^'-^. Unfortunately 
neitlier of these sisters has given per- 
mission for the performance of this 
procedure. 

For the diagnosis of a superimposed 
mitral stenosis one must hear the 
characteristic apical diastolic murmur. 
It should be emphasized that the mit- 
ral stenosis may be “silent,” the lesion 
appearing at autopsy when no murmur 
was present on clinical examination. 
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The usual explanation for such “silent” 
valvular lesions is tliat coincident to a 
large auricular septal defect, there is 
a reduced blood flow through the 
stenosed mitral valve, insufficient to 
set up an audible murmur. 

To establish the presence of Lutem- 
bacher’s syndrome it is necessary to 
rule out mitral stenosis complicated by 
relative pulmonary insufficiency. Evi- 
dence of marked left auricular en- 
largement is absent in Lutembachers 
syndrome, since the defect acts as a 
safety valve in releasing increased pres- 
sure within the left auricle resulting 
from a stenosed mitral valve. 

Other congenital cardiac lesions 
must be differentiated from interauri- 
cular septal defect, alone or in con- 
junction with mitral stenosis. 

Patency of the ductus arteriosus 
typically shows dilation of die pul- 
monary conus and often striking pul- 
sations of the hilar vessels of the type 
described as “liilar dance.” In atypi- 
cal form these findings may be absent 
and the classical machinery-type mur- 
mur may not be present. However, 
there is usually present a high arterial 
pulse pressure, and on fluoroscopy the 
aorta is found to be prominent and 
pulsating vigorously. When enlarge- 
ment of the heart is present both ven- 
tricles show hypertrophy. 


Eisenmengers complex (interven- 
tricular septal defect, dextroposition of 
die aorta, right ventricular hypertro- 
phy, but widi a normal or dilated pul- 
monary segment, thus differing from 
die tetralogy of Fallot) is characterized 
by the presence of' cyanosis which ap- 
pears early in life and persists. Cyan- 
osis in auricular septal defects is at 
most transient, persisting only as a 
terminal event. 

Uncomplicated interventricular sep- 
tal defects even if large do not lead to 
such marked enlargement of the right 
heart, and vigorously or expansilely 
pulsating hilar vessels are not seen. 
Commonly in such cases the only evi- 
dence of cardiac abnormality is the 
characteristic harsh and well localized, 
systolic murmur and tlirill to the left 
of the mid sternum. Acquired lesions 
producing dilatation of the pulmonary 
artery and chronic cor pulmonale must 
also be e.xcluded. 

Summary. 1. Familial congenital 
interauricular septal defect complicated 
by mitral stenosis ( Lutembacher’s 
syndrome) is described apparently for 
the first time, 

2. This disorder was found in 2 
sisters aged 21 and 26, 

3. The literature concerning familial 
congenital heart disease has been re- 
viewed. 
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THE PROBABLY GRAVE SIGNIFICANCE OF PREMATURE BEATS 
OCCURRING IN ANGINA PECTORIS INDUCED BY EFFORT" 
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It is a common experience of clini- 
cians to study patients witli subjective 
symptoms characteristic of Heberden’s 
angina but with few of tlie physical 
phenomena of cardio-vascular disease 
and with electrocardiograms tliat are 
either equivocal or essentially normal. 

Various techniques have been used 
by investigators for the primary pur- 
pose of recording on the electrocardio- 
gram changes occurring when the elu- 
sive symptoms of effort angina are pro- 
duced eitlier by reducing oxygen pres- 
sure in the arterial blood'* or by in- 
creasing cardiac work by graded exer- 
cise®. 

The following procedure has been 
used in our electrocardiographic labo- 
ratory for 8 or more years, and has jus- 
tified itself in patients who have symp- 
toms of angina pectoris, but whose 
physical examination and resting elec- 
trocardiogram do not give adequate ob- 
jective data. 

The patient is required to exercise 
only sufficiently to reproduce the sub- 
jective symptoms from which he is 
seeking relief. This exercise procedure 
is carried out under the close super- 
vision of a trained obser\er; and its 
t)'pc and duration vary greatly from 
patient to patient depending upon tlie 
exercise tolerance of the individual. 
Electrocardiograms are made before, 
during, and after induced attacks of the 
primary complaint. No accidents ha\'e 
resulted from these studies— though 
there doubtless could be potential dan- 
ger if laboratory technicians are per- 

' I’li-'fiili't! ill iilKli.n-t a( tilt' filv( incolitiC iif 
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mitted to collect such data unsuper- 
vised. 

For the period of our study the most 
significant change in the electrocardio- 
grams in attacks of induced angina pec- 
toris has been the occurrence in 4 pa- 
tients of premature ventricular beats. 
It must be emphasized tliat in each 
case there was nunnai rhythm before 
and after the induced episode. The 
purpose of this report is to evaluate the 
significance of these observations. 

Case Reports. Case 1. H. H., while male, 
aged 52, occupation, merchant, was seen 
April 2, 1945, with tlie major complaint that 
after active e.vercise he developed a burning 
and aching pain under the upper sternum and 
the upper left arm. With rest, the patient was 
free of subjective S)’mptoms within a few 
minutes. He had made tlie interesting obser- 
vation that during die attacks his pulse was 
“too slow” but the rate was normal widi rest 
and with the cessation of substernal pain. His 
sjTnptoms were of 5 months’ duration and 
were becoming progressively more incapaci- 
tating. 

Before the development of die present com- 
plaint he had been robust and well. 

Tlie patient customarily smoked 15 to 20 
cigarettes a day and took a drink of whiskey 
before lunch and 2 drinks before dinner. 

Physical examination: The patient was a 
robust man, well developed and nourished, 
lit. 5' 10", wgt. ISS lbs. His general e.xamin- 
alion showed him to be esseadally normal. 
The heart was nomial in size; the rate was 
SO and rlij'thm was regular. The first sounds 
were normal and there were no muniiurs. The 
pulmonic second sound was nonii.al in inten- 
sity and quality and the .aortic second sound 
was moderately accentuated and amphoric in 
qualiW. The peripheral arteries were normal 
in texture. The blond pressure was s\-stolic 
145. di.astolic 90. 

nte .\vvtKM3tmn of .Aiiii-rican I'lixMcians .it .Atl.intii 
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Fig. 1.— Case J. (H.H.) A. Before exercise: regular rhythm, rate 80, PR 0.15, QRS 0.06, moderate left 
axis deviation, slight (JA tnm.) depression of S-T in 1V> notched T,. B.. During an attack following exercise: 
Bigeminal rhythm, ratc lOO in Leads I and II, normal sinus rhythm, rate 95, in Leads III and IV, PR 0.14, 
QRS 0.06, moderate left axis deviation, mm. depression S-T 1 and II. C. Exercise after 0.6 gm. cfuinidine 
sulphate: normal sinus rh>'thm, rate 90, PR 0.14, QRS. 0.06, moderate left axis deviation, mm. depression 
S-T in I and II and 1 mm. depression ST4— T3, slightly more positive. No symptoms suggestive of angina pec- 
toris. 




Km, 2.-~Ccir 2. (T.A.) A. Brforr rxcrchc: normal sinus rhythm, rate 50, PR 0.16, QRS 0.09, moderate 
n, small shirrttl S. Ion* T in I, small Q, high R, high T in II and III, moderate R and S, upright T in IV. 
■*t'” wavi's present in I, II, and IV’. B. During an attack foUmcing cxcrcirc: Lead I— normal sinus rhylhm, 
ratr TO—T uaM* slightly higher, L<‘nds II and 111— frequent ventricular premature beats. Lead IV— 1 mm. 
depression of S-T— T waves diphasic (i: ). C. Exercise after 0.6 gm. of quinidinc sulphate: normal sinus 
ihstlun. ratr 90 in I and II, rate 73 in III and IV’, PR O.IC, QRS 0.10, moderate R, moderate S, high T. in J, 
high R. rufxlcrato S in IT, slightly less positive T and prominent *'U** in Til, prominent "U” wave in IV, 
im «c^Tnptnms suggestive of angina pectoris. 
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All laboratory findings were negative. 

Roentgen-ray report: “Tire heart is normal 
in size and shape. Cardiothoracic ration is 
48%. There is some increased density of the 
aorta. The esophagus is normal and there is 
no herniation.” 

Electrocardiograms are shown in Fig 1. 

This patient was able to be entirely free 
from symptoms while he vvas taking quinidine 
0.3 gm., 3 times a day at 10 a. m., 4 p. m., 
and 8 p. m. On November 5, 194S, he suf- 
fered a coronary occlusion which proved fatal 
in about 2 hours after the beginning of the 
attack. 

No information is available as to whetlier 
he was taking quinidine regularly before the 
fatal episode. His physician tliought he was 
not. 

Case 2. T.A., white male, aged 56, occu- 
pation, fanner, was seen May 3, 1946, whose 
chief and only complaint was burning pain, 
substernal in location, induced by effort and 
relieved by rest. The attack was most likely 
to occur after meals. If he did not stop and 
rest he would get an aching pain in both 
shoulders and in the upper left arm. The pa- 
tient felt tliat his symptoms were due to 
“indigestion.” He did not smoke or use alco- 
hol. His history otlierwise was significantly 
negative. 

Physical examination: The patient was a 
well developed and well nourislied man who 


was obviously apprehensive, but did not ap- 
pear ill. The only abnormal findings were lo- 
calized in tlie cardiovascular system. The 
heart was normal in size and shape. There 
were no murmurs. The pulmonic second 
sound was normal in intensity and quality. 
The aortic second sound was amphoric in 
quality and increased in intensity. Heart rate 
was 56 per min. and rhytlimic. Blood pressure 
was 165 systolic, 110 diastolic. 

Electrocardiogram: Fig. 2. 

Due to tlie control of the premature beats 
by quinidine and a marked increase in exer- 
cise tolerance, quinidine sulphate 0.3 gms. 
was prescribed to be taken 3 times a day. 
The patient continued tliis medication for 2 
weeks with a marked improvement in exer- 
cise tolerance. The quinidine sulphate was 
disconHnued by his family physician because 
the patient developed gastric symptoms wliich 
he attributed to tlie drug. The physician 
states that tlie patient has retired from work 
on account of tlie cardiac disability. He is 
now using nitroglycerine frequently for die 
relief of pain. The patient has not been re- 
examined by me since the original consulta- 
tion. 

Case 3. J.B.B., white male, aged 44 occu- 
pation, oil company executive, was seen Janu- 
ary 1, 1946, with the chief complaint of a 
“squeezing pain” beginning under the ster- 
num with radiation to both arms. At times 






B 


I'u;. 




w, (J.B.B.) Before exercise: jionnal sinus rhvthm» rale S5, PR 0.16, QRS 0 08 small O 

in n aiul in. low T in I, 11 mul Ill-low notched T in IV. fln rMcck foUoicin?; cxcrci^ci normal sinus 

rh>lht'iu rale Lvadj 11, 111, .and lY, inlcrrupted by premature beats from multiple 

l<x:i m Lead 111, PR 0.16, sliphl (1 mm.) depression of S-T and more “peahed*' T in IV, T waves in all 
leatU more povilivt*. ' 
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it extends through to tlie area of the left 
scapula. The symptoms are consistently pre- 
cipitated by exercise and there is prompt 
relief with rest. The symptoms began 3 
months previously and were becoming in- 
creasingly more incapacitating. 

There is nothing else of significance in his 
past or family history except that his father 
died at the age of 64 from a “heart attack”. 

Physical examination showed the patient to 
be normal with a blood pressure of 130 sys- 
tolic and 85 diastolic. 

The electrocardiograms are shown in Fig. 3. 

Since the original study his clinical course 
has been unsatisfactory. Quinidine 0.3 gms. 
3 times a day apparently increase liis exercise 
tolerance but not significantly. His physician 
reports “his exercise tolerance has progres- 
sively lessened and he now uses nitroglycerine 
frequently. He has not had symptoms char- 
acteristic of acute coronary occlusion”. 

Case 4. T.O.C., wliite male, aged 63, phy- 
sician, was seen October 18, 1944, with the 
chief complaint of severe substemal pain with 
radiation to both arms induced by minor 
physical effort and promptly relieved by rest. 
He was impressed by the pounding of his 
heart during the attacks of pain and by the 
irregularity of the pulse. On numerous occa- 


sions he had taken nitroglycerine with prompt 
relief. The present complaint began approxi- 
mately 16 months previous to examination and 
had become increasingly more severe. 

The patient described himself as being 
otherwise quite well; however, he had known 
for “many years” that his blood pressure was 
elevated. 

Physical examination: ' a well developed, 
well nourished male, apparently somewhat ap- 
prehensive, age 63. Ht. 5' 9", weight 187 
pounds. His general examination was not re- 
markable except for the cardiovascular sys- 
tem. The heart was moderately enlarged to 
the left. The apex beat was forceful and lo- 
cated in the nipple line, 5th intercostal space. 
The first sound was normal in quality. There 
was a slightly harsh systolic murmur heard 
over the aorta in the first and second right 
intercostal area. The aortic second sound 
was markedly accentuated and grossly am- 
phoric in quality. The pulmonic second 
sound was essentially normal. Heart rate was 
78 and rhythmic. 

There were signs of a moderate generalized 
arteriosclerosis. The blood pressure was sys- 
tolic 190, diastolic 105. Pulse rate was 78 
and rhythmic. Roentgen-ray of the heart: 
“The heart is enlarged, particularly the left 



A B C 

Kig. ‘1.— Cate ■/. (T.O.C.) Tr/orr crrTcisri normal «;iims rhytlmi, rato 65, PR 0.20, QRS 0.10, hisli 
'rno<lcrato S in I. Mnall R, deep sliirrttl S in II, vmall R, deep S, small Rl, small SI in III. Durinp ottack 
folUru'tni^ nnxfrrctr rrrrci^rt throuiilioul iracin" tliert* is a basic sinus tachycardia, 120 in Lead I, gradually 
simving to 105 in L<'a(l IV, frequent sentricuLir i-xtrasvstolcs, producing a bigeminal rhythm for the most 
part. depression o^S-T intcrv'aU in I.eads, I. II. and IV, Ilxcrciic nftcr O.G cm. ntiinjdinc xviphatc: 

nnneal smus thstlni, rat«‘ 85, 'am<* as control oxts'pl—sl gUliy di*ptes«xl S-T in I. slight elevation of S*T and 
higher T in 11 and HI. slight depression ( mm.) and sagging of S-T and diphasic T in IV. 
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ventricle. The aorta is moderately dilated 
and the density increased, indicating arterio- 
sclerosis. The cardio-thoracic ratio is 52%.” 
The electrocardiograms are shown in Fig. 4. 
This patient was warned as to the dangers 
of exercise and advised to reduce his weight 
by 10 pounds. Reduction in the amount of 
work was recommended. Quinidine sulphate 
0.3 gm. was prescribed at 10 a. m., 4 p. m., 
and 8 p. m. He felt that this medication im- 
proved his exercise tolerance about 50% and 
he was particularly impressed with the ab- 
sence of cardiac pounding when an attack 
was precipitated by effort beyond his physi- 
cal tolerance. 

After omitting the quinidine for approxi- 
mately 1 week, he endeavored to rescue his 
granddaughter from a main highway when 
he saw an approaching motor car bearing 
down upon her. The child saved herself; but 
he was seen to fall forward just before reach- 
ing the highway, death obviously occurring 
instantaneously. 

Discussion. In tlie practice of cardi- 
ology premature beats per se are not 
regarded as important^-”. To this 
generally accepted fact tliere are few 
exceptions, but these exceptions may 
be of peculiar significance. 

Extrasystoles, as a general rule, are 
increased during the post-acceleration 
or slowing period folloudng induced 
tachycardia. 

In tlie patients under discussion 
premature beats occurred during the 
period of acceleration and at the peak 
of chest pain, and disappeared with 
rest and cardiac slowing. It is also 
significant that tlie rhythm was normal 
except during the induced episodes; 
and that 3 of the patients. Cases 1, 2, 
and 4, noted an irregular pulse and 
“heart pounding” during attacks of 
substernal pain induced by the exer- 
cise of daily routine. 

•> 

Bourne, studying the effects of ex- 
ercise on the frequency of premature 
beats, found that in rheumatic heart 
disease no significant effect resulted 
from exercise, while in 11 patients widi 
arteriosclerosis 9 showed a significant 
increase in the number of extrasystolcs 
during the post-acceleration period fol- 
lowing exercise. He felt that the ex- 


planation for an increased number of 
extrasystoles in this group with vascu- 
lar disease was to be found in the 
effects of exercise in the production 
of local anoxemia resulting from dis- 
ease in some branch of a coronary 
artery. 

Tlie opinion expressed by Wood and 
Wolferth^- that the majority of at- 
tacks of angina pectoris are associated 
with a localized circulatory disturbance 
in the myocardium is tenable. This 
hypothesis does not imply that tlie 
main stem and branches of the cor- 
onary arteries are not narrowed, but 
that some branches are relatively more 
involved than others. The areas sup- 
plied by these lesser vessels suffer a 
greater degree of anoxemia during the 
period of increased metabolic demand 
resulting from exercise. It may be as- 
sumed that in the patients now under 
discussion, a common factor operated 
in producing the subjective symptoms 
and the premature beats and that this 
factor became operative following ex- 
ercise. With rest, pain subsided, and 
the extrasystoles disappeared, which 
strongly suggests that both resulted 
from a local anoxemia of the myocardi- 
um. 

In Cases 1 and 2 there appeared to 
be a definite relationship betiveen tlie 
premature beats and exercise toler- 
ance. Both patients, after therapeutic 
dosage of quinidine sulphate, toler- 
ated 3 or 4 times the amount of exer- 
cise without occurrence of premature 
beats and with no reproduction of the 
original subjective symptoms. Expla- 
nation of this observed fact is not sim- 
ple but it is suggested that either 
quinidine increased the tolerance of 
the heart muscle to oxi'gen want or 
that frequent premature beats re- 
duced the minute \-olume flow tlirough 
the coronary circulation. Case 1 is 
significant in this connection. Tlie 
patient was obserx'ed frequently up to 
witliin a few weeks of the time he 
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had a fatal coronary occlusion, and he most potent drug to prevent develop- 
was essentially free from symptoms ment of paroxysmal ventricular tachy- 
while he continued the use of quini- cardia and fibrillation during the first 
dine, which he tliought kept his pulse week following acute myocardial in- 
regular and at a normal rate. Case 4, farction. Since 1934 it has been our 
a physician, felt that quinidine defi- routine policy to use 0.3 gm. of this 
nitely reduced die severity of the at- drug 3 times a day at 4-hour intervals 
tacks of angina and he attributed to as a preventive agent. A review of 
the use of diis drug the relief of die our clinical material strongly indicates 
irregularity and pounding of his heart diat the practice has much merit, 
noted previously. Borg^ in 1939 presented unequivocal 

One of the unhappy end points of evidence that quinidine sulphate in 
angina pectoris is sudden death and conservative doses lessened post-infarc- 
this catastrophe all too frequently oc- don irritability of die ventricle and 
curs when patients exercise beyond employed its use in acute coronary 
tiieir tolerance. Sudden deatii under occlusion. 

these circumstances probably results It is logical, therefore, that quini- 
from fibrillation of die ventricle. Rob- dine sulphate be prescribed in diera- 
inson and Hermann and others®-^** peutic doses for prophylaxis against 
have shown die relationship of par- ventricular fibrillation and sudden 
oxysmal ventricular tachycardia to death in patients who have frequent 
ventricular fibrillation and the impor- premature ventricular beats at the 
tance of coronary artery insuflficiency peak of effort angina: and in some 
in the production of these grave ven- cases the intensity of the attacks of 
tricular rhytiims. A bigeminal rhythm pain is lessened and exercise tolerance 
after acute myocardial infarction may increased by depression of the im- 
precede I’entricular tachycardia and table myocardium resulting from a 
fibrillation, botii in die e.xperimental factor or factors common to the mech- 
ligation of a coronary arter)'’ and in anism of pain and disturbed rhythm, 
acute coronary occlusion occurring in Conclusions: 1. It is obvious that 
man. It is with diese facts in mind q^ese 4 patients, selected from many, 
that one feels justified in suggesting were victims of the angina pectoris of 
that the occurrence of frequent pre- effort. With die exception of Case 4 
mature beats and especially a bigemi- q^iey had few signs of cardiovascular 
nal ventricular rhythm during an at- disease and resting electrocardiograms 
tack of induced angina pectoris has were equivocal in all 4. 
grave prognostic significance. 2. Premature beats occurring at the 

Case 4 again emphasizes the dan- peak of induced angina and cardiac ac- 
gers inherent in excessive exercise in celeration were the most significant 
angina of effort. It is thought diat change in die electrocardiogram. The 
exercise during an attack of pain is ectopic beats and pain disappeared 
peculiarly hazardous for patients with with rest and cardiac slowing, 
the type of disturbed rli)4lim under 3. In 2 of the patients exercise tol- 
discussion. erance was greatly increased by quini- 

In 1924' the WTiter suggested that dine sulphate whieh prevented the oc- 
quinidine sulphate controlled ventricu- currence of premature beats with 
lar tachycardia complicating acute effort. 

myocardial infarction. In 1934® after 4. It is suggested diat die occur- 
more c.xtendcd experience, die xvriter rence of premature beats, especially 
advocated quinidine sulphate as the pulsus bigeminus in an episode of ef- 
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fort angina may have grave prognostic 
significance. It is, however, obligatory 
that a larger series of patients be 
studied before final conclusions can be 
drawn. 

5. Quinidine sulphate can profitably 


be used in the type of patients under 
discussion. The dose must be con- 
servative, 0.2 to 0.4 gm., 3 times daily 
equally spaced during the period of 
physical activity. 
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Congestive heart failure is eharac- 
terized by a marked disturbance in fluid 
balance. While the failure of tlie 
kidneys to e.xcrete water (and salt) in 
this condition has been extensively 
studied, water loss by otlier routes has 
been less tlioroughly investigated. It 
is the purpose of this report to meas- 
ure tliis loss and discover possible 
theoretical and practical conclusions. 

In this discussion the term “insensible 
perspiration” wall be used to describe 
the water loss tlirough the skin occur- 
ring under conditions in which the 
thermal stimulus to sweating is absent. 
This term has heen defined somewhat 
differently by some other workers, 
having been used to express (in tlie ab- 
sence of sensible sweating), (1) the total 
weight loss of the bod)', or (2) tlie total 
water loss from both lungs and skin. 
It seems more logical to reserve tlie 
term “perspiration” for a function of 
the skin. Without sensible sweating 
the normal body continually loses 
weight from 3 sources: (1) from expired 
water I'apor, (2) from excess weight 
of expired CO; over absorbed O;, and 
(3) from water loss through tlie skin. 
The last component has been reported 
as \-ar)'ing from 167 to 170(1 gm. per 
day'” but the most careful measure- 
ments on normal individuals (Benedict 


and Benedict,^ Burch and Winsor”) 
have shown that it averages 14 gm. per 
hoiu with extremes of 8 and 21 gm., 
and that it comprises about 50% of the 
total insensible weight loss. 

The total insensible water loss has 
been roughly correlated with the 
metabolism (Benedict and Root"), and 
has been found to furnish a fairly con- 
stant percentage of body heat loss 
(Soderstrom and Dubois"^). Individual 
variations over short periods are large, 
however, (Wiley and Newburgh-’') and 
it is not clear how much of the in- 
creased loss ivitli higher metabolism is 
due simply to increased loss via the 
lungs. It is well established that water 
(and therefore heat) loss via the lungs 
is related closely to tlie pulmonary 
ventilation (Galeotti,^= Burch”’''’-'’') and 
probably to nothing else. 

Insensible perspiration, even when 
used in its simpler restricted sense is 
not due to a single process. While 
die bulk of the water loss is presumably 
a diffusion and evaporation through the 
intact skin not involving sweat gland 
activity'®’” nevertheless a small por- 
tion will be included as a result of 
palmar and solar sweating, the sweat 
glands of the.se areas functioning con- 
tinuously and being under various non- 
thermal controls. Tlie mechanism of 


* Till'; re';o.ircli sw; aitlt-d Iiy a "rant ti> Columbia Uiiivfrsity from flio Barucli Committee 
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water loss tlirougli tlie non-sweating 
skin has not been wholly clarified. The 
most plausible picture is that of a dif- 
fusion through the deeper layers and 
an evaporation tlirough the cornified 
layers. This is roughly the explana- 
tion oifered by Winsor and Burch'-® 
who found comparable rates of water 
ti-ansfer tlirough dead and living skin. 
If this is true the rate of water loss 
should be determined by simple physi- 
cal factors such as skin temperature and 
vapor pressure of intradermal water. 
Ray and Burch®® regard intravascular 
hydrostatic pressure as unimportant 
with reference to tlie rate of diffusion 
of water through the skin. 

Congestive heart failure with edema, 
associated with severe derangement of 
peripheral circulation, and distortion of 
normal skin fluid relationships presents 
a situation in which the hypotheses of 
water ti-ansfer through the skin as well 
as the practical importance of this 
means of ivater elimination may be 
tested. Sodersti'om and Dubois®® sug- 
gested from examination of their meas- 
urements of total insensible water loss 
in congestive failure tliat possibly the 
portion from tlie skin was diminished. 
Zak and colleagues®®-®® in a series of 
reports beginning in 1929 found mark- 
edly reduced and even negative figures 
for insensible weight loss. Several 
workers"-'^-'®'®®-®® have failed fully to 
confirm these findings. None, however, 
has partitioned die weight loss between 
the skin and lungs. Kauf and Zak s ob- 
servation of localized diminished 
su-eating in congestive failure'® was 
made on the palms, which, as men- 
tioned prcviousl}-, have sweat glands 
under specialized controls, Burch® 
measured the water loss from localized 
areas in patients in congestive failure 
and clearly demonstrated a lower dian 
normal sweating response to a hot 
environment. His figures, however, do 
not show a clear-cut difference between 


normal subjects and cardiac patients in 
a cool environment. 

The possibilities, therefore, remain 
that insensible perspiration in conges- 
tive heart failure is unchanged, im- 
paired, or enhanced. Perhaps our 
dieories of simple diffusion and evapo- 
ration are complicated by varying af- 
finities of the tissue for water. Perhaps, 
in spite of die negative evidence, the 
ti-ansfer of water is carried on in part 
by some active process in die cells of 
the skin. It is the purpose of this 
report to re-examine the problem, par- 
titioning in 14 experiments (8 of them 
on patients widi congestive heart fail- 
ure), die insensible weight loss into the 
various components mentioned above. 

Method. Five subjects studied were 
patients in severe cardiac decompensation, 
the degree of right-sided congestive failure 
being predominant. They all had pitting 
edema of die extremities and elevated 
venous pressures. Three of these patients 
were restudied after cardiac recompensa- 
tion had taken place, making a total of 8 
experiments on patients with heart dis- 
ease. In addition, 6 experiments were 
carried out on 4 patients widi an illness 
having no significant cardiac component, 
in order to afford a broader basis for 
comparison of the results both within the 
series and with those of other observers. 
This made die total number of experi- 
ments 14. 

All studies were carried out in a room, 
the temperature and relative humidity of 
which could be kept constant throughout 
each e.xperiment and from experiment to 
e,xperiment. Widi the e.\'ceptions noted 
in Table 1, all e.xperiments were carried 
out in room temperatures close to 23° 
C. and relative humidities of 51%. No 
attempt was made diroughout the course 
of the e.xperiment to keep die padent 
under basal conditions. It was desired 
to simulate the tjpical daytime actiWti' 
of the patient at bed-rest. In practical 
terms this meant that die subject la>' 
quietly under a light covering, actirih- 
being confined to something such as read- 
ing. 
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d’alton, darling, shea; 


The procedure in each experiment 
involved the steps outHned in the fol- 
lowing numbered paragraphs: 

1. Total weight loss per unit of time 
was established by weighing the sub- 
ject over a period of hours, usually 3 
or 4, on a “silk” platform scales accurate 
to the nearest 7 gms. Any excreta 
were also weighed. Clothing, limited 
to a light hospital gown, was kept 
unchanged. To minimize the error 
due to adsorption of water on the 
clothing a 45-minute period before the 
initial weigliing was allowed for equi- 
librium with the environment to take 
place. 

2. On 2 occasions during each ex- 
periment tlie expired air of the sub- 
ject was collected for 10 minutes in a 
Douglas bag, using the usual mouth- 
piece, noseclip, T-tube, flutter valves 
and connecting tubing. Loss of water 
through the respiratory tract was cal- 
culated from tlie ventilation figures 
so obtained, as follows; 


nique in 1912 by Galeotti*- and more 
recently by Burch,“ which were 37 and 
33 mm. Hg. respectively, for the vapor 
pressure. Tlie accuracy of the as- 
sumption is unimportant for compara- 
tive results, so it is not necessary to 
decide which value is the most likely 
accurate one. Hyperpnea lowers tlie 
vapor pressure of water in the expired 
air only very slightly during voluntary 
overbreathing (Christie and Loomis^'’), 
and in dyspneic patients (Burch'*-''). 
The relative humidity, and thence the 
vapor pressure of the inspired air, was 
determined from readings on a sling 
psyclirometer every 30 minutes. 

3. Analyses of the expired air col- 
lected during the two 10-minute pe- 
riods were made on the Haldane ap- 
paratus, and from these the weights of 
carbon dioxide expired and oxygen 
consumed were calculated. The dif- 
ference between these two weights may 
be labelled the “metabolic weight loss.” 
The gas analyses on the t^vo periods of 


Resp. water loss = H.jO e.xpired air — ILO inspired air 

\T p in^ nil* 18 

HjO ins. air Gm./hr. = X X Vent. (Insp.) in L./min. S.T.P. X 60 

insp. air 

H;0 ins. air Gm./hr. = ^ ^ X X Vent. (Exp.) in L./min. S.T.P. X 60 

exp. air 

= vapor pressure of water S.T.P. = standard temperature and pres- 

B.P. = barometric pressure sure (0° C., 760 mm. Hg., dry) 


'Tlie vapor pressure of expired air 
was assumed to be 44 mm. of Hg. in 
all the e.xperiments. This figure is 
Slightly lower than that found by 
C hristie and Loomis"' to be the vapor 
pressure of alveolar air and was so 
chosen to compensate for the lower 
vapor pressure they found in dead 
space air. These figures for the water 
in expired air are considerably higher 
than those found by a difTerenl tech- 


collection did not differ greatly, the 
average probably being representative 
of CO- e.xcretion and O- consumption 
over the entire course of tlie experi- 
ment. 

4. Skin temperatures were meas- 
ured from 10 different body regions by 
the thermocouple-potentiometer meth- 
od at 30-minute intervals. Each skin 
region was weighted according to the 
percentage of body surface represented 
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(Hardy, and Dubois, modified^®’-^), and 
an average skin temperature obtained. 
When the average skin temperature 
was less tlian 34° C. (cf, Kuno) any 
weight loss due to sensible perspira- 
tion was deemed unlikely. 

5. As an additional check on the 
possibility of sensible perspiration a 
gauze sponge was placed on the ab- 
domen under an airtight plastic seal 
covering six square inches. This was 
kept in place throughout the experi- 
ment, being weighed before placing 
it and after removal. If the weight 
gain of die sponge was less than 0.050 
gm./6 sq.in./hr. (an arbitrarily chosen 


figure) sensible perspiration was as- 
sumed to be minimal. 

6. Determination of the insensible 
perspiration by weight studies will ob- 
viously include the amount of palmar 
and solar sweat produced. An estimate 
of die magnitude of this palmar and 
solar perspiration was obtained by the 
technique described above, a sponge 
being placed on one palm of each sub- 
ject. Tlie perspiration obtained in 
diis manner was analyzed for chloride 
content, being recorded as sodium 
chloride. 

Results. The results of the experi- 
ments are recorded in Table 1, There 


TaIU.E 1. SUMMAUY OF MeASUKEMENTS OF INSENSIBLE IYeIGHT LoSS AND Its SUBDIVISIONS IN 

14 Expeiuments on Cahotac Patients and Otbeks 


Efe 

li 

S 

5 

"q 

Q 

•» 

C 

o 

Q 

Total iceight 
loss: Gm./hr. 

iletabolic loss; 
Gm./hr. 

•i4 

•> 

"c Z 

i d 

.2 i 

cc 

!■> 

J E 


u > 
to Cr- 

z 

»•* 

S 

s 

iSo 
•c . 

R. 

c 

C'M 

g 

to 

*toC«! 

cc'" 

.©k 

to 

• to 

t & 

I*. 

n’..L 

2/18/47 

Arteriosclerotic heart 
disease V.r. 175*** 

61 

5.3 

25.0 

30.1 

0 040 

10 

0,025 

33 2 

98.5 

155 

if 

\V.J 

3/5/47 

V.P. 80 

39 

3.9 

19.0 

16.1 

0.030 

30 

0.020 

32.6 

99.4 

no 

s 

J.B. 

3/21/47 

Arteriosclerotic heart 
disease V.P. 185 

45 

1.4 

19.7 

23.0 

O.O.SO 

35 

0.0.10 

32 0 

97.0* 

170 

4 

J.ll. 

4/1/47 

V.l>. 78 

40 

2.0 

17.2 

20.2 

0.0,30 

18 

0.055 

32.4 

97.7* 

140 

S 

C.J. 

4/22/47 

Hypertensive disease 

Y.l>. 130 

57 

0.1 

13.8 

36.9 

0.085 

21 

0.081 

32 .1 

98.2 

13.1 

u 

C.J. 

5/16/47 

V.V. 110 

5S 

4.9 

10.7 

37.4 

0.075 

19 

0,074 

33.0 

99.5 

130 

• 7 

M.K 

S/81/47 

ArtcriosctcroUc heart 
disease V.P. 175 

43 

2.0 

10.8 

21 2 

O.OGO 

58 

0,012 

34.3 

99.6 

180 

8 

H.G. 

10/21/40 lHicuniatic heart disease 
V.l’. 24.1 

42 

2.4 

19.0 

20.0 

0.025 

12 

0 017 

31.6 

99 8 

140 

n§ 

K.n. 

5/ 1/47 

Nephritis nephrotic phase 

54 

2 a 

14.0 

.‘!0 9 

0.050 

29 

0.0.30 

3.3,7 

00 1 

190 

10 

11.11. 

10/7/40 

Hypertensive 
disca.se — 'Asymplomnlic 

18 

1.7 
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6.3 

0.030 

27 

0 00,3 

32.4 

no G 

12.5 

a 

ii.n. 

10/0/40 

Hypertensive 
d jsea sc — A i*y in p t o m a 1 ic 

21 

a o 
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0.02.1 

11 

0 OQl 

88 2 

00 0 

125 

ij 
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10/14/4G neoplasm 

28 

l.S 
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19 
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00 2 

no 

18 
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10/10/40 

?G.l. neoplasm 

SO 

1 3 

15.0 
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0 . 090 

:W 

0.002 

.33 9 

99,7 

no 

u 

c.n. 

4/10/47 

Hypoadrennlism 

hypothyroidism 


2 r. 

!>.T 

22.7 

0,021 

40 

0 020 

30 ■> 

00 G 

17.1 


** rclalive humidily~3S 
r relative lnimidity=44 
5 relative huniidity=:5T 


temp, room air—TT.l" F. 

* Oral temperature. 

***V.P. = Venous Pressure in mm. H:0 
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is evidence of frank sweating only in 
experiments 5 and 6, the abdominal 
sweat being 0.081 and 0.074 gm./6 sq. 
in./hr., respectively, even though the 
skin temperatures were below 34° C. 
In botli experiments the error produced 
is in the same direction and of the same 
magnitude so tliat, while the absolute 
values for the insensible perspiration 
are probably somewhat high, they can, 
nevertheless, be validly compared. 

Experiments 1 to 6 are pairs of ex- 
periments on 3 cardiac subjects, the 
first of each pair being during severe 
congestive failure, the second after re- 
covery of compensation. 

In subjects J. B. and C. J. (experi- 
ments 3, 4, 5 and 6) the insensible 
perspiration is essentially the same in 
both cardiac compensation and de- 
compensation. Subjects M. K. and H 
G. (experiments 7 and 8) were tested 
only during cardiac decompensation, 
but tlieir values for insensible perspira- 
tion are within the range shown by 
J. B. and C. J. 

Subject W. J. (e.xperiments 1 and 2) 
showed a lowered insensible water loss 
from the skin when in cardiac com- 
pensation— 16.1 gm./hr. as compared 
witli 30.1 gm./hr. in cardiac decom- 
pensation. Tliis is inconsistent with the 
findings in e.xperiments 3 to 8 inclu- 
sive, and not readily e.x'plainable. Both 
e.xperiments 1 and 2 appeared tech- 
nically satisfactory, although it is not 
impossible tliat an error was made. 
It may be tliat this single discrepancy 
in the e\'idence for unchanged insen- 
sible perspiration, whether cardiac 
compensation or decompensation is 
present, reflects an unpredictable var- 
iation in the insensible water loss of 
any individual, i. c., the insensible 
water loss may var>' not only from 
individual to individual but also in the 
same indiWdual at different times. 

Comparison of the values found for 
patients with heart disease with the 


results in tlie few patients having other 
illnesses (experiments 9 to 14), while 
too few to be conclusive, nevertheless 
shows no striking differences. An in- 
dividual variation was expected; all 
values fell within the range for normal 
subjects as quoted by Kuno.’® In a 
rough way, the insensible water loss 
is correlated to the size of the patient, 
but an exact correlation with metab- 
olism could not be expected from a 
short series, as pointed out by Wiley 
and Newbirrgh.-' 

Throughout the entire series of ex- 
periments tlie palmar sweat showed 
considerable individual variation both 
in amount and chloride content. While 
independent of thermal stimuli, inde- 
terminable factors such as mental stress, 
modify its production. So little is 
known concerning the factors involved 
that no certain deductions may be 
made from the data obtained; tliere is 
no discernible evidence, however, of 
any constant trend in the various dis- 
ease states studied. 

To obtain some idea of tlie magni- 
tude of the palmar and solar sweat 
it was assumed that the sweat obtained 
from one palm was equivalent to one- 
twelfth of tlie total. In e.xperiment 1, 
tlierefore, the total palmar and solar 
sweat is 0.5 gm./hr. This represents 
less than 1% of the total insensible 
water loss. In e.xperiment 13 tlie pal- 
mar and solar sweat represents 3.5% 
of tlie total, and in any of tlie e.xperi- 
ments it can be shown by tliis crude 
esfa’mation to be less tlian 5% of tlie 
total insensible water loss. Under dif- 
ferent experimental conditions, how- 
ever, it is entirely possible that the 
palmar and solar water loss would be 
of a different order of magnitude. 

From the data obtained in these 
experiments it can be concluded that 
the changes in circulatory dynamics 
associated wth cardiac failure have 
no measurable effect on the production 
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In the course of study of tlie effects 
of acetylcholine, it was noted that 
acetylcholine can give an accurate ob- 
jective determination of die circulation 
time in unanestlietized normal dogs 
and in anesthetized open-chested 
animals^"’^^. It was shown that acetyl- 
choline yields a distinctly shorter circu- 
lation time, shows less ^'ariations and 
appears superior to most methods ap- 
plicable to animals. It is simple, ac- 
curate, and consistent, and an un- 
equivocal end point can be deter- 
mined electrocardiographically. 

In the present report we are present- 
ing results on the use of acetylcholine 
in the determination of circulation time 
in man. 

Methods. The patients were placed in the 
recumbent position and acctjdcholine chloride, 
in doses of 10 to 60 mg. (0.2 to 1.2 cc. of a 
59o solution) was rapidly injected into one of 
the antecubilal veins. Due to the small ^’ol- 
umc. injection look only a fraction of a sec- 
ond. A double stopcock was used to prevent 
a premature mixture of blood and acetj’l- 
cholinc inasmuch as blood cholinesterase rap- 
idly destroys acetylcholine. A continuous elec- 
trocardiogram on a direct writing Sanborn 
machine, was taken to record the end point. 
Time of injection was indicated on the record 
by simultaneous depression of the lead mark- 
er. The circulation time was measured from 
the onset of injection up to the lime an ex- 
pected auricular or ventricular response 
failed to occur 0 !i lime. 

Blood pressures were taken beFor<' and I to 


10 minutes after injection. When a blood 
pressure drop was found multiple readings 
were taken until the blood pressure returned 
to tlie pre-injection level. A syringe with atro- 
pine sulfate solution (grains 1/50) xvas avail- 
able for intravenous use in case of a pro- 
longed asystole. In tliis series it was not nec- 
essary to employ the atropine. 

In most cases, 20 mg. was used initially. If 
this resulted in no response the dose was in- 
creased by increments of 10 mg. but at no 
time was a dose of more than 60 mg. used. 
Thus the patients received from 1 to 4 injec- 
tions. 

Results. The data was obtained on 37 un- 
selected patients, 21 males and 16 females 
from the wards and clinics of the Michael 
Reese Hospital. The age ranged from 17 to 
75 years, the average being 53 years. A va- 
riety of clinical conditions was present in 
these patients. Twenty-nine patients respond- 
ed to one or more injections (Table 1), 8 
failed to show any response. Some x'ariation 
in response was observed. In 6 patients in- 
creasing the dose of acetylcholine resulted in 
a eirculation time measurement. In several 
patients fluctuations in tlie dose which gave 
a response were obscr\-cd. A total of 58 in- 
jections were given to the 29 patients who 
responded, of which 46 were successful in 
producing a measurable circulation time. In 
Table 2 is shown the number of responses 
obtained with the different doses of acctvl- 
choline. 

In 20 instances an asystole was obserx'cd. 
x-arving in duration from 0.9 to -".S seconds, 
with an average of 1.7 seconds. In the other 
26 instances no asystole occurred, but a pro- 
longation of the P-P or R-R intervid was 
noted. The circulation time observed varied 
from 1.6 to 16 seconds. 
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Table I 


Summary of Data 


Sex 

Age 

Dose 

Circulation 

Asystole Duration 

Sinus 

Acceleration 



Time 


Onset 

after Injection 


(yrs.) 

(mg) 

(secs. ) 

(secs . ) 


(secs . ) 

M 

70 

40 

7.4 

1.8 


21.0 

F 

20 

30 

16.0 

P-P Prolonged 


26.8 



30 

5.2 

P-P Prolonged 


15.8 

F 

31 

40 

7.7 

3.8 


None 

M 

44 

20 

No Results 

None 


None 



40 

No Results 

None 


None 



50 

4.9 

2.4 


19.7 



30 

7.2 

P-P Prolonged 


None 

M 

56 

20 

No Results 

None 


None 



30 

2.8 

P-P Prolonged 


None 



30 

2.2 

P-P Prolonged 


None 

M 

58 

40 

9.0 

P-P Prolonged 


None 



40 

No Results 

None 


None 

M 

75 

40 

No Results 

None 


9.1 



50 

7.8 

3.6 


None 

F 

69 

40 

7.0 

P-P Prolonged 


None 



40 

4.4 

P-P Prolonged 


None 

F 

65 

40 

9.4 

P-P Prolonged 


None 



40 

11.3 

1.7 


None 

M 

22 

40 

No Results 

None 


None 



40 

6.6 

P-P Prolonged 


None 



40 

No Results 

None 


None 

M 

17 

40 

4.8 

1.4 


20,3 



40 

3.9 

1.4 


None 

F 

58 

40 

7.6 

P-P Prolonged 


None 

F 

56 

40 

4.0 

1.2 


None 

M 

42 

40 

4.1 

2.7 


10.4 

F 

65 

40 

6.2 

1.4 


None 

F 

17 

30 

4.3 

1.0 


13.5 



30 

5.2 

1.0 


17.7 

F 

53 

30 

7.9 

R-R Prolonged 


None 



40 

8.6 

R-R Prolonged 


None 



40 

9.3 

R-R Prolonged 


None 

F 

34 

40 

5.3 

P-P Prolonged 


14.2 



40 

3.7 

P-P Prolonged 


None 



40 

3.6 

P-P Prolonged 


None 

F 

65 

40 

14.0 

1.4 


None 



40 

10.6 

1.4 


None 

M 

72 

40 

No Resul ts 

None 


None 



40 

6.8 

P-P Prolonged 


None 

M 

36 

40 

2.8 

P-P Prolonged 


8.9 



40 

2.3 

P-P Prolonged 


11.5 

M 

58 

40 

3.6 

1.8 


None 



40 

3.0 

1.3 


None 



40 

3.2 

P-P Prolonged 


None 



40 

1.6 

1.2 


None 

M 

49 

25 

No Results 

None 


None 



40 

9.0 

P-P Prolonged 


None 


49 

40 

6.1 

P-P Prolonged 


None 

.V 

60 

40 

8.4 

P-P Prolonged 


22.6 



40 

9.9 

1.2 

. 

23.2 

F 

31 

10 

No Results 

None 


10.0 



20 

No Results 

None 


7.1 



30 

10.2 

P-P Prolonged 


17.1 

F 

32 

15 

2.8 

P-P Prolonged 


7.6 

V 

68 

20 

No Results 

None 


None 



25 

7.0 

1.2 



M 

60 

20 

6.4 

1 .4 


None 
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Taule 2 


Dosage 

Successful 

Number of 

Testa 

Tests 

10 mg. 

0 

1 

15 mg. 

1 

1 

20 mg. 

1 

5 

25 mg. 

1 

2 

30 mg. 

9 

9 

40 mg. 

32 

38 

50 mg. 

2 

2 

Total 

46 

58 

(on 29 cases) 


In 15 of the 37 cases a distinct sinus ac- 
celeration was seen. This occurred after an 
average elapsed time of 16.7 seconds, the 
range being 7.6 seconds to 26.8 seconds. 
Twenty patients had a cough reaction. In 2 
instances transient bigeminal rhythm was 


Discussion. The results indicate 
tliat acetylcholine offers a clear end 
point for the objective determination 
of circulation time in man. The doses 
used caused varying degrees of sinus 
slowing or asystole. The minimal dose 
evoking such response varied in the 
different patients, but tlie average was 
40 mg. Inasmuch as doses of more 
than 60 mg. were not administered, 
failure to obtain a circulation time 
measurement in some patients may 
have been due to inadequate doses. 
It is possible that if larger doses than 
60 mg. had been employed, a positive 
result might have been obtained. This 



FIG. l-ELECTHOC^VRDIOGRAMS (VISO-CARDIETTE) LEAD 2. 

Uppt'i' tmt-inK shows the occiirreiicf of bij.'cniin.tl riij-thm (nodal) 6.8 seconds after the administration of 
40 iiiK. of acetylcholine. 

l^ower traciiiK shows the occuircncc of auricular fibrillation bepinninp 16.0 seconds following the injection 
of 25 ing. of acetylcholine. 


.scon. Premature systoles occurred in 3 cases, 
ot\c each of auricular, nodal and ventricular 
origin. In 2 patients auricular fibrillation de- 
\elopcd 16.0 and 20.4 seconds respectively 
after the injection of acch’lcholine. 

Eight of the 37 patients sliowed no asys- 
tole or prolongation of P-P or R-R interval 
after a total of 23 injections of acetylcholine. 
However, 4 of these patients had a cough 
reaction, and of these 3 showed sinus accel- 
eration after 9.6, 13.0 and 21.0 seconds. Two 
patients had auricular fibrillab'on initially and 
the response to acetylcholine was difficult to 
evaluate because of gross irregularih- of the 
ventricles, hut the chculation" time was in- 
creased even though there w.as no congestive 
failure present. 


is suggested by tlie appearance of a 
cough reaction and sinus acceleration 
in some of die negative cases. 

The action of the drug on the heart 
on die basis of our animal experi- 
ments^= appears to be a direct one 
whereby the acet}4cho]ine passes %aa 
die coronar)' i^essels to the sinus node 
and the A-^^ junction bringing about 
die effect discussed. 

A correlation of the circulation time 
with other clinical and laborator)’ find- 
ings has shown that the normal circula- 
tion time varies behveen 1.2 to 6 sec- 
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onds. Circulation times between 6 
and 7 seconds were considered to be 
borderline and over 7 seconds were 
found to be definitely abnormal. 

Compared to otlier metliods acetyl- 
chobne yields a distinctly shorter cir- 
culation time. The small volume and 
short duration of tlie injection reduced 
the range of variation seen with tlie 
sodium cyanide^, thiamine® and dio- 
drast methods. 

The exact cause of the cough is not 
clear, but it appears to be a vagal reflex 
arising from the stimulation of end 
organs in the bronchial tree. In dogs, 
the cough has apparently been elimi- 
nated by cutting of the vagi^'-. The sinus 
acceleration, which is a delayed phe- 
nomenon may be attributed to elabo- 
ration in the heart by acetylcholine of 
epinephrine-like substances. This is 
suggested by the experiments of Mc- 
Dowall" and Hoffman et at- There 
was in our cases a significant drop in 
blood pressure in only 1 patient, a case 
of myocardial infarction. Apparently 
the depressor action of acetylcholine 
is a direct effect on the heart and blood 
vessels. Tliis effect seems to be neutral- 
ized by its stimulation of the sym- 
pathetic nervous system. Tlie pre- 
mature beats seen in tliree cases may 
be due to a direct action of acetylcholine 
on the heart or to the liberation of 
epinephrine-like substances following 
tlie exhibition of acetylcholine. It is not 
due to a cholinergic coronarj' vaso- 
constriction. Previous animal experi- 
ments in this laborator}' have showm 
that acetylcholine is a coronar)- dilator 
and that its effects on the coronarx' 
ves.sels may be abolished by atro- 
pino'.in yjip Qj,]y constrictor fillers to 


the coronary artery are adi'energic®. 

Ihe only serious objection to the use 
of acetylcholine for the determination 
of eirculation time in man is the in- 
duction of multiple premature systoles 
and auricular fibrillation. The latter 
was observed in 2 of our cases. Botlr 
patients had hypertension and coronary 
sclerosis and one also was markedly 
anemic. Auricular fibrillation has been 
jrroduced experimentally by the ad- 
ministration of acetylcholine^’®’^®. In 
liuman and animal experiments it Iras 
also been observed after the injection 
of acetyl- j3-methylcholine’’^^. Smith and 
Wilson^ ^ attributed auricular fibrillation 
to the combination of anoxia and vagus 
stimulation and our orvn observations 
show that anoxia and vagus stimulation 
are important causative factors in pro- 
ducing auricular fibrillation^®. The 
margin of safety may be very small. 
In one case, 20 mg. of acetylcholine had 
no effect on the patient whereas 25 mg. 
produced asystole followed by auric- 
idar fibrillation. In both cases in our 
series in which auricular fibrillation oc- 
curred, the mechanism was broken and 
sinus rhythm re-established by the ad- 
ministration of oral quinidine. Atropine 
injections and oxygen inhalation did 
not abolish the arrhythmia. 

Conclusions, We must conclude 
that while acetylcholine may be used 
for simple, accurate and objective meas- 
urements of circulation time in man, it 
can not be regarded as an innocuous 
procedure for the patient. 

We are indebted to the medical staff of 
Michael Reese Hospital for permission to 
cany' out these studies on their patients. We 
arc indebted to Dr. L. N. Katz for his ad- 
vice in carrying out this study. 
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Since the therapeutic value of liver 
in the treatment of pernicious anemia 
was reported by Minot and Murphy^-, 
there have been many attempts to as- 
certain the cause of this disease and 
to explain the mechanism by which 
remission is induced as a result of liver 
tlierapy. As liver fractionation proced- 
ures have progressed from the early 
separations of Cohn and his coworkers- 
to tlie highly purified preparations of 
Karrer and his coworkers®, and the mul- 
tiple factors of Jacobson and Subba- 
Row®, there have been repeated efforts 
to produce a sjmdrome in an experi- 
mental animal identical with that found 
in the human pernicious anemia pa- 
tient in order to test tlie products 
obtained during tlie course of such 
fractionation processes. 

Nutritional anemias of various tj^ies; 
anemias due to treatment of the ex- 
perimental animal with some to.xic ma- 
terial such as phenylhydrazine, ben- 
zene, saponin, or lead salts; and the 
anemia resulting from splenectomy 
have all been tried in an attempt to 
find an experimental assay metliod by 
which liver extracts could be standard- 
ized for their antipernicious anemia 
potency. None of these attempts have 
yielded a specific test method for anti- 
anemic substances. In addition, efforts 
has t* been made to accelerate the nor- 
mal replacement of the fetal Uyie of 
crsthrocytcs by their adult tj’pes and 
utilize this as an ass.ay method. Studies 
made upon rat'®\ opossum*®^, and 


chick embryos® indicate that this ap- 
proach to the assay problem is not fruit- 
ful. 

The clinical treatment of pernicious 
anemia patients wth synthetic L. casei 
factor (folic acid or pteroylglutamic 
acid) has been reported b}^ Spies and 
his coworkers^®. Tliis material also has 
been used in the study resulting from 
feeding monkeys highly purified diets®. 
Beeause of the similarity of die clinical 
response obtained from sjmthetic L. 
casei factor and antipernicious anemia 
liver extracts these reports should seiA^e 
to caution investigators seeking an as- 
say metliod which will respond specific- 
ally to liver extracts J. It remains de- 
sirable tliat a specific method of assay 
for liver preparations be developed 
botli to facilitate further fractionation 
of these extracts and also to secure in- 
formation concerning the mode of ac- 
tion of these materials in producing 
new red blood cells. 

Two claims of a satisfactory as- 
say metliod for the antipernicious ane- 
mia principle utilizing bone marrow 
segments clotted in serum have been 
investigated by others and found to be 
non-specific®'^®. Recently a modifica- 
tion of this method has been reported' 
:is useful for testing the antipernicious 
anemia properU' of liver extracts. How- 
ever, in this report it is stated that folic 
acid gives a migration of cells from the 
bone marrow transplants similar to that 
obtained with liver extracts. 

Osgood and Brownlee''® report that 
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if a bone marrow cell culture technique 
is used, sera from patients with per- 
nicious anemia in relapse do not sup- 
port bone marrow cell growth while 
sera from normal individuals do. Tliese 
workers also report that Hver extract 
stimulated erythropoiesis in the former 
case. 

The obvious conclusion from the 
work referred to above is that of all 
of tlie methods which might appear 
suitable for an assay procedure to test 
specifically the antipernicious anemia 
potency of liver extracts, a study of 
some of the factors involved in red cell 
maturation and formation in tlie bone 
marrow itself is most likely to be suc- 
cessful. It would seem possible that if 
different erythropoietic substances 
stimulate different phases of red cell 
production and maturation this fact 
would become apparent during the 
course of such a study. For this reason 
a study of some of the factors involved 
in red cell maturation within the bone 
marrow was undertaken in this lab- 
oratory late in 1945. As a result of tliis 
work a technique has been developed 
for measuring some substance (or sub- 
stances) involved in red cell maturation 
which is present in potent antipemi- 
cious anemia liver extracts, human and 
rat serum, and which is not tire syn- 
thetic L. casei factor nor its conjugated 
form (vitamin Be conjugate). 

The use of invifro tissue survival 
technique offers an advantage over 
inuiuo experiments in that it removes 
the jprocess under consideration from 
the factors wthin the body wliich may 
influence it. In tlie case of bone mar- 
row cells simply remoiang them from 
the body eliminates tlic influence of 
the gastro-intestinal tract, the liver, tlie 
vanous hormones, and tlie variations in 


oxygen tension all of which markedly 
influence erytliropoiesis. By centrifug- 
ing the marrow cells it is possible to 
remove tlie majority of the mature red 
cells and thereby concentrate die im- 
mature forms for study. Tlie conditions 
outlined here have been developed as 
a result of a number of experiments dur- 
ing wliich the best medium for die sus- 
pension of the cells, die length of the 
incubation period, die proper method 
for concentrating the immature cells, 
and the stage of maturation most read- 
ily measured have all been determined. 

Rats were chosen as a source of die 
bone marrow cells because of dieir 
relative unifoimity, low cost, and be- 
cause of die fact that their bone mar- 
row cells appear to respond to human 
serum as well as to their own. Bone 
marrow from male animals appears to 
give a more uniform response than diat 
taken from females. The size of the 
animal is important, diose weighing 
from 140 to 180 grams giving the best 
results. 

Method. The animal is killed by a blow 
on tl)e back of the head and the bone marrow 
cells from both femurs are remo%'ed imme- 
diately by cutting tlie bone near the proximal 
end and aspirating tlie cells with the aid of 
a 1 ml. sjTinge fitted with a 20 gauge 
needle. The presence of a small amount of 
suspension fluid® in the s\Tinge aids in wash- 
ing die cells from die bone cavity. Appro.xi- 
mately 0.5 ml. of fluid is used in 0.1 ml. 
portions to w'ash out each bone. The pooled 
samples are collected in a 30 mm. piece of 
pyrex glass tubing having an outside diameter 
of 8 mm. and which has been drawm to a 
capillar}' appro.ximatel}' 1 mm. in bore and 
25 mm. long and sealed at the end to form 
a centrifuge tube.f The large end of this 
centrifuge tube is fitted widi a sterile rubber 
ampoule closure. The tube and its contents is 
spun in an International Micro Centrifuge for 
30 minutes (approximately 1800 r.p.m.). The 
fluid and any floating lipid material is care- 


nicdimii UH’CI thrwiphouf is a modified glucosc-frcc Tj-rode soluUon made up as follows: S.O snn. 
NnCl. 0.4 cm. KCi, 0 2 era, C.aCb.2nrO, O.l pra. McCU, and 5.0 ml. Normal HsPOi (Standardized bv 
titration witb .stand.ard NaOH to pll 4.3 and multiplWnc by Urree), .are added to 50.0 ml. of redistilled seatcr. 
^ “Ainr,* 1^ yclck salt solution. It is plncrf in sm.ill test lubes and sterilized by pl.aeim: them in a water bath 
at 100° C. fiir oO mmulcs. For the final medium 12.0 ml. of Uiis solution and 0.2 ml. of an approximately 5 
Nonn.il NntCOi .Mihifion (53.0 of C. P. KarCOa dissolved in 200 ml. of rodi.stilU'd water and stcrilircct 
of tbrmAlfuin b 7''4 water. This Cn.al medium is prepared daily. The pH 

t All classware. includins syrince.s. i.s drs- .sterilized at ICO® C. overnifihl. 
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directly with those from another. For pur- 
poses of such a comparison all results have 
been arbitrarily recorded in terms of the 
reciprocal of tlie amount of the unknoum 
substance required to produce the same 
result as is obtained from 0,01 ng. per ml. 
(or one of our units) of the liver standard. 
For example: If 0.001 Mg- per ml. of an 
unknown gives the same number of mature 
reticulocytes per 1000 nucleated cells as is 
produced by 0.01 jug- per ml. of liver standard, 
the unknoum would be recorded as having an 
activity of 10 units per microgram. This value 
indicates that the unknown is 10 times as 
active per unit weight as is the liver stand- 
ard. 


Results. The method outlined above 
ha.s been used to study tlie et)'- 
tlirocyte maturation factors present in 
liver preparations and to determine 
whetlier there is a similarity behveen 
liver exb'acts, syntlietic L. casei factor, 
and the substance affecting red cell 
maturation found in normal serum. Ta- 
ble 1 shows tlie results. obtained when 
various liver fractions are tested by 
this mediod. Data secured wlien serum 
is added to the medium are also pre- 
sented in tliis table. 

Because of the clinical response ob- 


'rABi,K 1. — Effect of Various Substaicccs Upon In- Vitro Bone Marrow Suspension.s. 

Siibstnnce Added Concentration in Number of Mature 

to Substrate Micrograms per XR. Reticulocytes per 1000 

.Nucleated Cells Potency w 




Average® 

• Range 

Unitsf 

None 


6 (135) 

4-8 


Commercial Liver Extract 





15 Units per Ml. 





Lot. No. E28403 

,01 

14 (2) 

14-14 

1.0 

Lot. No. D67503 

.01 

13 (4) 

12-14 

1.0 

4 USP Units per Ml, 





Lot No, 10237 

.24 

14 (2) 

13-14 

.2 

Lot No. 10238 

.24 

12 (2) 

12-12 

.2 

Liver Fraction No. 101 § 

1.0 

8 (2) 

8-8 

.01 


.1 

8 (2) 

8-8 


S}'nthctio L. casci Factor 

4.9 

8 (2) 

8-8 

.002 

Vitamin Be Conjugate 

1.0 

8 (2) 

7-9 

.01 

Liver Standard 

.1 

12 (6) 

9-20 


Lot No. 11 285 A 

.01 

12 (57) 

9-18 

1.0 


.001 

13 (1) 

13 



.0001 

10 (2) 

7-14 



.00001 

6 (2) 

6-6 


Normal Rat Senim 

Sec Text 

13-(20) 

9-34 


Normal Human Scrum 

Sec Text 

15-(4) 

9-24 


Normal Human Scrum 





plus Liver Standard 

.005 

20 (1) 

20 


Normal Human Serum 





plus L. casci Factor 

.005 

15 (2) 

15-15 



^ Numbers in parentheses give the number of individual experiments, 
t The definition of the unit is given in the tc-xt. 

§This bver fraction was prepared in this laboratorj- from an active liver concentrate. When tested upon a 
pcniicious anemia patient in relapse it w.as found to be inactive at a level of 17 mg. per day administered 
parentcrally. This weight of material was derived fro n 240 gm. of fresh liver. 


Tabee 2. — Effect of the B Vitamins Upon 

IN-Vrriio Rone Maurow Suspensions. 

Substance Added 

Concentration in 

Number of Reticulocytes 

to Medium 

Micrograras per Ml. 

Per 1000 Nucleated 

Cells 



Average® 

Range 

None 


7 (20) 

3-8 

SxTiVhctic E. casci Factort 

4.9 

8 (2) 

8-8 


.05 

8 (4) 

6-9 


.0005 

8 (2) 

5-10 


.00005 

7 (2) 

- < 

Vitamin Be Conjugate 1 

1.0 

S (2) 

7-9 


.1 

7 (2) 

■7-7 


.01 

6 (4) 

5-8 


.001 

6' (2) 

C-G 

Vitamin B-Complex Mtxture§ 

2100. 

4 (2) 

4-4 


20. 

5 (2) 

4-6 


n 

5 (2) 

4-6 


.002 

0 (2) 

6-G 


^uuuicrs m parentheses inoicale tlie number of sep.irnle experiments. 

I Lourtesy of the lAxlerle Laboratories, Pearl River, New Vork. 
i xr” h,L Pf'ffner, of Parke, D.avis and Como.inv. Detroit. Micbic.in. 

m.-r, eWnHiT -iin n ss-ntbcUc L. cctei factor. 350 mg. p-.aminobc.nzo!c acid, 350 mg. tbia- 

350 ing. PfTidoxuic hydrochloride, 700 mg. calcium pantothenate, 3.500 mg. 
nicolime acid, 14,9S0 mg. chohne chloride, .and 2o0 microcrams of biotinc in 100 ml. of water 3Iic total 
solids of this mixture is approximately 209 mg. per ml. - 
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tained \vith syntlietic L. casei factor, 
this substance and its conjugate form 
were also studied. Table 2 records 
the data obtained together with that 
of an experiment in which a Vitamin 
B-Complex mixture was tried. 

Various protein and carbohydrate 
substanees and their derivatives have 
likewise been tested for maturation po- 
tency by this method. Table 3 
show's tlie results obtained from these 
trials. 

It will be noted that glutatliione, 1-ty- 
rosine, and Bacto-yeast extract appear 
to have some red cell maturing effect. 
Tlie effect of tyrosine is in accord with 
the report of SubbaRow'® that tyrosine 
is one of tlie accessory factors in ery- 
thropoietic liver extracts and also tire 


poietic substance in addition to tlie 
vitamin Be conjugate which is itself 
inaetive when this test method is used. 

From the data recorded in the above 
tables it is apparent that the invitro 
cell maturation technique described 
here appears to have some specificity 
for liver extracts. Furtlier investigation 
w'ill be required in order to prove 
whether or not this technique is spe- 
cific for tlie antipernicious anemia sub- 
stance. How'ever, some factor (or fac- 
tors) involved in red cell maturation 
is responsible for the observ'ed matura- 
tion. Tliis factor appears not to be the 
synthetic L. casei factor nor is it vita- 
min Be conjugate. 

In a previous report'* we have pre- 
sented evidence to indicate tliat tlie 


Tahtx 3.® — Erj ncT OF NoN'-EmTiiiioroETic Sobst^vnccs Upon* 1n-Vjtro Bone Marrow Suspensions. 


Substance Added 
lo Medium 

Concentration in 
Micrograms per Ml. 

Number of Mature 
Reticulocytes per 
1000 Nucleated Cells 

None 


6 

Amino Acids 

dl^nlanine 

100, 

7 

l(-) toTtoplinnc 

100. 

0 

l(-) t>TOsine 

10, 

12 

Casein hydrolysatet 

1000. 

C 

Glutathione 

.001 

10 

rrofeint 

Recr>‘staUi7ed Epp Albumin 

100. 

G 

Gelatin 

1000. 

fi 

Cr>stalline Human Scrum Albumin 100. 

6 

Baclo-yoast Extract 

.1 

11 

Carhohf/drates 

Glucose 

100. 

G 

Sodium fructose 1,0 dipho^rpbatr 

1000. 

• 0 

Lithium p>TXivatc 

10. 

G 

Liver Extract Standard 

.01 

12 


• All valuer rccordrtl in tlu< taljlo. with the exception of the liver ^t.'indartl, are the l)i;!he.st coneentrntion 
lr>trxl. In each case a numher of lower concentrations were tried and all of these pave the control value of np- 
protmiately G reticulocytes per 1000 nucleated cells. 

t The product prepared hy General Iliochcmicals, Inc., was used. 


report of Jacobsen and Plum' concern- 
ing the tyrosine requirement of the 
peniicious anemia patient to insure 
proper response to liver therapy. Tlic 
.slight effect of the yeast extract may 
ho correlated with tlie report*' of the 
use of large amounts of yeast to induce 
remission in pernicious anemia patients. 
The fact that yeast extract shows some 
maturation potency hy the test meth- 
od drscrihfd lure may indicate that 
then- is present in yeast some erx’thro- 


pcrnicious anemia patient in relapse 
does not have the maturation factor re- 
quired by our technique. This sub- 
stance is present in normal human and 
rat scnim. Although the report w'as 
based upon findings in one case of per- 
nicious anemia, it is believed to ho of 
significance as a clue to the differences 
in the mechanism by wliicli synthetic 
L. casci factor and the liver antiancmia 
substance act in producing red cell 
maturation in the bone marrow. 
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Summary. An invitro cell survival 
technique is described for measuring 
the red cell maturing ability of liver 
extracts. 

Data are given to indicate that the 
maturation is stimulated by antiane- 
mia liver preparations and is not ob- 
served when a number of other mate- 
rials, including an inactive liver ex- 
tract, is used. 


Synthetic L. casei factor or its vita- 
min Be conjugate form, does not affect 
the maturation process studied by tins 
method. 

Normal human and rat serum ex- 
liibit tlie presence of the maturation 
factor required by tliis technique. 

I wish to thank Miss Elizabetli C. Paulsen 
and Mrs, Francena Galbraith for their inval- 
uable teclinical assistance. 
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IN a pre\aous study, it was found 
possible, by means of tlie embryonic 
duck heart preparation to detect as 
little as 0.05 micrograms of a digitalis 
glycoside (Lanatoside C) per cc. of 
TjTode’s solution. The extreme sensi- 
tivity of this preparation to glycoside 
in Tyrode’s solution suggested the pos- 
sibility that perhaps minute amounts 
of digitalis glycoside in blood also 
might be detected. In order to stan- 
dardize this type of detection how- 
ever, it was tliought necessary to de- 
termine separately the effects of (1) 
blood cells, and (2) serum of whole 
blood. Tlie results of such studies are 
reported herein. 

Results. A. THE EFFECT OF 
HU.MAN BLOOD CELLS UPON 
DIGITALIS GLYCOSIDE. Samples 
(1 cc.) of oxalated, fresh human blood 
from several subjects were centrifuged. 
The supernatant plasma was removed 
and was replaced by an equal amount 
of Tyrode’s solution and the entire 
sample recentrifuged. This procedure 
was repeated 5 times in order that 
samples consisting of onl\’ blood cells 
in Tyrode’s solution be obtained. Dif- 
ferent amounts of Lanatoside C. were 
added to these final mixtures of 
TvTode's and cells so that samples 
containiin: <1.2. 0..5 and 1.0 microgram 


of glycoside per cc. were obtained. 
The latter were tlien shaken, allowed 
to stand for 15 minutes, and cen- 
trifuged once more. The supernatant 
fluid obtained was tested on tlie 
embryonic duck heart as described 
previously^ except tliat the temperature 
of the fluid batliing the hearts was 
maintained at 35° C. If blood cells 
adsorbed or otherwise inactix'ated the 
glycoside, tlien this final supernatant 
Tyrode’s solution might be e.xpected 
to e.xhibit less “digitalis like’’ activity 
than control samples of Tyrode’s solu- 
tion to which the same amount of gly- 
coside had been added. 

Our studies (See Table 1) indicated 
that 1 cc. samples of Tyrode’s solution 
containing 1.0 or 0.5 micrograms of 
glycoside were little if at all affected 
by contact with a quantity of blood 
cells equivalent to that in 1 cc. of whole 
blood. Thus, A-V block occurred in 
the duck hearts in 9 and 10 minutes 
respectively in supernatant fluid sam- 
ples obtained from Tyrode’s-cell mix- 
tures to which had been added 1.0 
and 0.5 micrograms of glycoside per cc. 
respectively. Compared to the time 
of occurrence of A-V block (7 and 10 
minutes) in control Tyrode’s solutions 
.alone containing 1.0 and 0.5 micro- 
grams of glycoside per cc. respectively, 
if was fjuestionahle whether a signifi- 
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cant difference existed. However, 
supernatant fluid obtained from mix- 
tures originally containing 0,2 micro- 
grams of glycoside per cc. produced 
A-V block after an average period of 
25 minutes which was significantly 
longer tlian the time (18 minutes) re- 
quired for A-V block in hearts exposed 
to pure Tyrode’s solution containing 0.2 
micrograms of glycoside per cc. It 
would appear then fliat blood cells 
were capable of adsorbing or inactivat- 
ing a fraction (albeit minute) of tlie 
digitalis glycoside, 

B. THE EFFECT OF SERUM 
UPON DIGITALIS GLYCOSIDE. (1) 
The Effect of Rat Serum. To 1 cc. 
samples of fresh rat serum, quantities 
of glycoside varying from 0.01 to 2.0 


The behavior of duck hearts in rat 
serum containing glycoside was unlike 
tliat of similar hearts in Tyrode's-gly- 
coside solution in tliat tlie appearance 
of a “digitalis effect” was prolonged 
at all concentrations of glycoside em- 
ployed. When only 0.01, 0.05 or 0,1 
microgram of glycoside per cc. was 
present, the hearts beat exactly as did 
tliose in control serum. When 0.2 
micrograms of glycoside per cc. was 
present, 20 hearts beat for an average 
period of 43 minutes before exhibiting 
a “digitalis effect” which was of course 
much longer than the time (18 minutes) 
taken by hearts exposed to the same 
amount of glycoside in Tju'ode’s solu- 
tion. As Table 1 and Figure 1 indicate, 
this retardation in the occurrence of 


Table I. The Effect of (1) Blood Celus, {' Z ) Plasma Pbotei-v and (3) .Ylbumix Upon the 

.Yction of Digitalis Glycoside 


TIME OF OCCURRENCE OF ^^DIGITALJF, EFFECT' {Minvies) 


CONC. OF 
GLYCOSIDE, 
lig./cc. 

TYRODE'S 

TYRODE'S 
<(• BLOOD 
CELLS 

TYRODE'S 

A- PLASMA 
PROTEIN 

TYRODE’S 
<C- ALBUMIN 

0.2 

18 (25) 

25 (0) 

23 (24) 

30 (12) 

0.5 

10 (17) 

10 (5) 

13 (20) 

13 (19) 

] .0 

7 (14) 

9 (11) 

8 (13) 

8 (13) 


(Nnmbcr.s iii purpiitliesos indiculc number of separate duck hcarls o!)servcd.) 


micrograms were added. These sam- 
ples as well as ones of pure serum 
alone were then stored in the refrigera- 
tor for 24 hours. At the end of tliis 
time, the samples were warmed to 
35° G., embryonic hearts were placed 
in them and the time taken for the 
“digitalis effect” was recorded. It 
should be mentioned that in serum 
it was found tliat not only might 
the glycoside produce k-\ block and 
missing beats but also it might mark- 
edly slow the rate of beating. Since 
the embryonic heart in\'ariabl\' was 
found at 35° G. to beat regularly 
in pure rat serum at a rate of 75 
per minute for over 80 minutes, a heart 
in scrum plus glycoside, which beat 
at a rate below 70 per minute was 
judged as indicating a “digitalis effect.” 


“digitalis effect” occurred at all dilu- 
tions although tlie divergency became 
less when concentrations of 1 micro- 
gram per cc. were employed. 

(2) The Effect of Human Serum. 
Samples of human serum, containing 
various quantities of glycoside were 
prepared exactly as described for rat 
serum samples. As in rat serum, hearts 
in human serum also sometimes indi- 
cated tlie “digitalis effect” by marked 
slowing of beating. Tin's tj^pe of 
phenomenon rarely occun-ed until less 
than 0.5 micrograms of gh'coside per 
cc. was employed. 

As Table 1 and Figure 1 demon- 
strate, tlie times of occurrence of the 
“digitalis effect” in hearts e.xposed to 
various concentrations of gh'coside in 
human semm were almost identical 
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with those of hearts in rat serum and 
glycoside except tliat hearts in human 
serum were found to exhibit a “digi- 
talis effect” when in contact with 0.1 
micrograms of glycoside per cc. There- 
fore, human serum, similar to rat ser- 
um, differed from TjTode’s solution in 
that glycoside when dissolved in hu- 
man senim was not able to effect a 
‘ digitalis effect” as rapidly as in Ty- 
rode’s solution. 


The protein solution then was diluted 
with Tyrode’s solution until a solution 
containing 6 gm. of plasma protein per 
100 cc. was obtained. The pH of 
tliis solution was 7.2. Samples of tliis 
solution, containing 0.2, 0.5 and 1.0 
microgram of glycoside per cc. tlien 
were tested on the embryonic duck 
hearts. 

As Table 1 and Figure 1 demon- 
strate, plasma protein in Tyrode’s so- 



MicRoGKAns OrGLycosiDE Per c.c. 

Fit:. 1.— Time of occurrence of “Dipilnli*; Effect.” 


C. THE EFFECT OF PLASMA 
PEOI'EIXS UPON DIGITALIS GLY- 
(iOSIDE. In view of the fact that both 
rat and human .serum were found to re- 
tard the actions of glycoside, it was 
ihomiht that this retardation might be 
due to the protein content of the scr- 
um. .\ccordingly, the effects of both 
albumin and globulin together, as well 
as albumin alone, were tested. .Samples 
of lyophili/ed human plasnia were dia- 
b/ed against pure Tyrode’s ,'ohitiori at 
70' C. for approximately IS hours. 


lution did not appear to inhibit sig- 
nificantly the action of either 1.0 or 0.5 
microgram of glycoside. Tlius, 13 
hearts e.xhibitcd A-\^ block, 8 minutes 
after contact with 1.0 microgram of 
glycoside per cc. and 20 hearts .showed 
.■\-V block, 13 minutes after contact 
with 0.5 microgram of glycoside per 
cc. Howex er, 2-1 hearts e.xposed to 0,2 
micro^ram of glycoside per cc. did not 
exhibit block until after an aver- 
age period of 23 minutes. Wdien this 
last is compared tf) the time taken for 
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tlie 25 hearts in the control Tyrode’s 
solution, containing 0.2 microgram of 
glycoside per cc. to exliibit A-V block 
(See Table 1), it is probable that die 
plasma proteins did inliibit die action 
of diis small amount of glycoside. 

Similar results were obtained widi 
die Tyrode’s albumin solution, contain- 
ing glycoside (See Table 1) in that lit- 
tle or no effect by the protein was 
observed on 1.0 or 0.5 microgram of gly- 
coside per cc. Again, however, when 
diere was only 0.2 microgram of gly- 
coside in each cc. of die solution, A-Y 
block did not occur in 12 hearts until 
an average period of 30 minutes had 
elapsed. Compared to die condol 
value of 18 minutes, diis delay in oc- 
currence of A-V block must be 
regarded as significant. 

Discussion. The above studies in- 
dicated that both rat and human se- 
rum markedly retarded the action of 
the particular glycoside (Lanatoside 
C) employed in the experiments. This 
comparative retardation, however, was 
not marked at a moderate concentra- 
tion of glycoside (1.0 microgram per 
cc.) but only at low concenti'ations 
below 1.0 microgram per cc.). This 
ast fact may well explain the failure 
of our findings to agree widi those of 
Suter.*’ This last investigator could 
not detect any serum retardation of the 
actions of Lanatoside C, but die 
amount of glycoside tested (2.0 micro- 
gram per cc.) might have been too ex- 
cessive to reveal die inhibiting effect of 
serum. 

If human serum, hower^er, was found 
to delay the action of the glycoside, it 
was found that this retardation could 
not have been due to its protein con- 
tent alone. For when die lyophilized 
protein content of human plasma was 
dissolved in TjTode’s solution, its in- 
hibition of glycoside was slight. Sim- 
ilar results were obtained when pure 
dried albumin was dissolved in Tv- 
rodc’s solution containing glycoside. 


Previously it was observed® that 
when die calcium content of Tyrode’s 
solution was reduced to 5 mg. per 
100 cc. die action of Lanatoside C was 
inhibited markedly. This inhibition 
was later found' to be due to die 
action of potassium in Tyrode’s solu- 
tion which previously had been held 
in check by the amount of calcium 
usually xiresent in Tyi'ode’s solution. In 
view of this previous finding and the 
fact that serum probably contains only 
about 5 mg. of calcium per 100 cc. 
in an ionized state,® it is possible that 
the retardation of glycoside in serum 
was not primarily due to the acdon of 
die latter upon the drug but rather to 
die inability of the embryonic heart (in 
a medium low in ionized calcium) to 
respond quickly to the glycoside. 

It was of particular interest to us, 
however, that as little as 0.1 micro- 
gram of glycoside in 1 cc. of human 
serum could be detected by means of 
the embryonic duck heart preparation. 
Perhaps even more important, was die 
finding that the time of occurrence of 
a “digitalis effect” in die duck heart de- 
liended upon the concentration of gly- 
coside in serum. This last finding al- 
lows die possibility of making quan- 
titative assays of the content of glyco- 
side in any gi\'en serum sample sus- 
pected of containing it. 

Conclusions. (1) Tlie response of 
die embryonic duck heart to a digi- 
talis glycoside (Lanatoside C) was 
found to be slightly retarded by blood 
cells, plasma protein and pure albumin. 

(2) Rat and human blood serum, 
however, were found to inliibit mark- 
edly the effect of the glycoside upon 
the duck hearts. This effect was 
thought to be due in part to the rela- 
tively low concentration of ionized cal- 
cium in the 2 sera. 

(3) Detection and quantitative assay 
digitalis glycoside in fractions of less 
dian a microgram per cc. of human 
serum were studied. 
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Table 2. The Effect of Human" and Hat Sekum Upon the Action of Digitalis Glycoside 


COXC. OF TIME OF OCCURREXCE OF "DIGITALIS EFFECT" {Minutes) 

GLYCOSIDE TYRODE'S HUM AX SERUM RAT SERUM 


aj./cc. 

0.01 

0.0.5 

■ Ir. 

Range 

.4r. 

Range 

-Ir. 

liangc 

39(14) 

35—45 



— 



— . 

0.10 

22(19) 

10-30 

02(32) 

59-70 

— 

— 

0.20 

18(38) 

15-19 

42(39) 

34-50 

43(20) 

30-51 

0.40 

10(20) 

13-20 

20(22) 

19-32 

2.5(22) 

19-31 

0.00 

10(10) 

n-n 

17(18) 

10-23 

20(23) 

10-25 

0.80 

7(20) 

.5-11 

13(22) 

0-20 

10(20) 

14-18 

1.00 

7(30) 

5-!) 

11(15) 

7-12 

11(20) 

0-12 


iXumljcrs »n parentheses indicate number of separate duck hearts observed.) 
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Congenital hemolytic icterus is rare 
ia tlie Negro. Several descriptions of 
this disease in negroes have recently 
appeared. Wintrobe^® has observed tlie 
disorder in a mulatto. Smith and Drake® 
reported hemolytic icterus in a 22 year 
old negro male but it was not estab- 
lished as a congenital type. Sti-agnell 
and Smitli^ described tlie syndrome in 
a 21 year old negro male and 2 sisters. 
These same authors, upon reviewing 
the clinical records of two decades at 
the Presbyterian Hospital, New Y'ork 
City, found 1 case of spherocytic acho- 
luric hemolytic jaundice in a mulatto. 
Scherer and CeciF have reported tlie 
disease in a 14 year old negress and 
erytlirocyte microcytosis in a mater- 
nal uncle and tlie maternal grandfadier. 
Merskey and Baskind® reported a con- 
dition occurring in a natii^e of the 
Nordiern Transvaal characterized by 
icterus, spherocytosis, increased osmotic 
fragilify of the red cells, splenomegaly 
and leg scars. Goodman and Cates® 
presented the findings in a negro fam- 
ily in which 3 sisters were found to 
have congenital hemolytic icterus. 

This case is presented as a well-es- 
tablished example of congenital hemo- 
lytic icterus in die Negro complicated 
by gall bladder disease and treated by 
splenectomy. Included in die report are 
chemical and hematological data be- 
fore and after splenectomy, and a dis- 
cussion of die pathophysiological fea- 
tures of the disease as manifested by 
this patient. An additional feature of 


interest: diis patient is a maternal aunt 
of die case reported by Scherer and 
CeciF. 

HISTORY: E. M., a 26 year old negro 
housewife was admitted to this hospital, on 
Januar}'^ 17, 1947, with a history of mid- 
epigastric pain for 3 montlis. The pain was 
sharp, recurrent, non-radiating, occurring aft- 
er meals and associated with eructations, nau- 
sea and vomiting. There was intolerance to 
fatty foods. The pain was relieved by vomiting 
and occasionally b)' soda. Six days before ad- 
mission the pain became very severe and 
cramping and vomiting more frequent. Four 
days before admission she noted jaundice of 
the sclerae, dark urine, and light brown 
stools. The da)’ before admission all pain 
subsided and the jaundice decreased. During 
the 3 months of abdominal pain her menses 
were more frequent and characterized by 
prolonged and excessive bleeding. There was 
a 10 pound weight loss. 

One year previously, following a montli of 
recurrent abdominal pain and a vaginal dis- 
charge, she was admitted to a hospital and 
treated witli penicillin. For a 2% year period 
ending 1 year before the present admission she 
was employed removing casings from storage 
batteries with an unknown solvent. 

The patient’s father, 3 brothers and 2 sis- 
ters are alive and well. Her mother died of 
diabetes and was known to have had gall 
bladder disease. One brother died of “poi- 
soning”. A sister had an episode of jaundice 
following the deliver)' of a normal child. 
This was attributed to a transfusion reaction. 
One sister died in childbirtli. A daughter of 
tlris sister is known to have had an anemia 
"rare in colored people”, and was treated by 
splenectomy with relief of the anemia." A 
maternal half-sister had gall bladder disease. 

. PHYSICAL EXAMINATION: The patient 
was well developed and well nourished and 
did not appear acutely ill. Her temperature 

(.7.39) 
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to be lymph nodes which were filled witli 
masses of erythroeytes, leucocytes, detached 
endothelial cells, and occasional large multi- 
nuclear cells. Phagocytic mononuclear cells 
were also present. Some of the latter were 
laden with hemosiderin granules but inges- 
tion of intact red cells was not conspicuous. 
It was the impression of the pathologist that 
the “histological changes in the spleen (were) 
similar to those tliat have been described in 
congenital hemolytic icterus”. 

On March 12, 1947, Cholecystectomy was 
performed without complication. 

PATHOLOGICAL REPORT (in sum- 
rnary): The gall bladder measured 5.5 cm. 
in length and was tliick walled. The lumen 


is rare in the Negro. This is an addition- 
al case of congenital hemolytic icterus 
in a Negro, a member of a family in 
which hemolytic icterus has already 
been reported. The cases of Stragnell 
and Smith,® Scherer and Cecil" and 
Goodman and Cates^ appear to fulfill 
die clinical criteria of congenital hemo- 
lytic icterus but in the case presented 
by Smith and Drake® the role of sul- 
fonamides as hemolytic agents must be 
considered. The question of malaria 
confuses die diagnosis in the case re- 


TABLE 3-BLOOD CHEMICAL DATA 







Alkaline 



Uric 



Chole- 

Scrum 


Phosphata.se 

Cephalin 

N.P.N. 

Dnte 

Icteric 

sterol 

Protein. 

Albumen 

Bodansky 

Acid 

1947 

Index 

MG % 

GM_% 

Globubn 

Units 

Flocculation 

MG % 

MG % 

20 Jan. 

25 


6.2 

3.8 “ 

9.4 

Negative 

28 





2.4 





27 Jan. 

15 

95 


3.0 ' 

3.6 




29 Jiin. 

20 

114 

5.4 

2.4 





IFcb. 

3 Feb. 

14 

130 






1.5 

17 Feb. 

SPLENECTOMY 






28 Feb. 

G 

148 

6.9 






12 Mar. 

CHOLECYSTECTOMY 






24 Mar. 

28 Mar. 


105 


3.3 / 


Weakly 

25 


4 

122 

5.9 


2.7 

positive 




2.6 


contained an oval 2 1% .x IVj cm. black 

.stone which, when cut, had a brownish core. 
On microscopic e.\amination the gall blad- 
der mucosal folds were flattened and ulcer- 
ated in a few areas. The wall was markedly 
thickened and lying just under the mucosa 
were polymorphonuclear leucocytes, mono- 
cytes and a few multi-nucleated macrophages. 
Some of the latter contained yellowdsh-browm 
pigment. The wall was edematous and the 
blood vessels engorged. There was much fi- 
brosis in the muscularis and serosal layers. 
The gall stone was anal)'zed and found to 
contain mainly cholesterol, more biliverdin 
than bilimbin and small amounts of calcivmi, 
phosphorus and iron. 

Hematological and chemical studies were 
repeated post-operatively and the results are 
presented in Tables 1, 2, and 3. The patient 
was discharged on March 30, 1947. She was 
seen in the clinic on April 11, 1947, and blood 
studies repeated. She appeared well at this 
time and offered no complaints. Further stud- 
ies have been prc\'cnted b\' the patient mov- 
ing to the South. 

Comment; The literature indi- 
cate.’; that congenital hemoIjTic icterus 


ported by Merskey and Baskind''. The 
rarity of congenital hemol>4lc icterus 
in the Negro forces one to consider 
hybridism. Stragnell and Smitli® and 
Goodman and Cates® found no evidence 
of racial admi.vture in tlieir studies. 
Scherer and Cecil" obtained similar re- 
sults with their case which has obvi- 
ous application to the case here re- 
ported. A diagrammatic representation 
of the family in this case is shoum in 
Fig. 1. 

On admission, tliis patient exhibited 
resob'ing jaundice secondary to passage 
of a common duct stone. Tlie changes 
in alkaline phosphatase supported tliis 
impression. The role of hemolysis in 
producing icterus could not be properly 
evaluated at tliis time. Histoiy- of hemo- 
l>’tic episodes was singularly lacking 
and the anemia was minimal. The diag- 
nosis of congenital hemoljiic icterus 
was supported by the family historj', 
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spherocytosis, splenomegaly, and in- 
creased erythrocyte fragility. 

Spherocytosis is a characteristic find- 
ing in congenital hemolytic icterus'*. 
There is no agreement about tire effect 
of splenectomy on spherocytosis. 
Thompson^® in a review of 45 cases re- 
ported that after splenectomy the sphe- 
rical cells persist, and in one case were 
as high as 14% 16 years after operation. 
Vaughan*^ reported that although sphe- 
rocytosis persists in rare instances after 
splenectomy, spherocytes are usually 


well as the micro-spherocytosis. Quana- 
tative cell diameter studies were not 
done in this case, but the spherocytes 
were significantly decreased in diam- 
eter. The concomitant fall in mean cor- 
puscular volume and spherocyte per- 
centage after splenectomy suggests a 
relationship between the two. 

Reticulocytosis has been proposed to 
explain the increased mean corpuscular 
volume*®. The reticulocytosis of 4.8% 
in this case fails to explain the increase 
in mean corpuscular volume. The 


FIGURE I - REPRESENTATION OF FAMILY OF PATIENT E.M. 



SCHERER a CECIL'^ 


reduced and may disappear. In this pa- 
tient there was a striking reduction in 
tire number of spherocytes post-opera- 
tively, as indicated in Table 1. 

An increase in mean coipuscular vol- 
ume in congenital hemolytic icterus has 
been established in some cases*®'*-, and 
ascribed to increased cell thickness de- 
spite a decrease in mean cell diameter. 
Macrocytosis may occur in this disease 
and occasionally cause confusion with 
pernicious anemia*®. Vaughan indicates 
that megalo-spherocytosis may occur as 


reticulocytosis in congenital hemolytic 
icterus is usually proportional to the de- 
gree of anemia reflecting the demand 
placed upon erythrogenesis. The rela- 
tively low reticulocyte count in this 
case is consistent "with the degree of 
anemia. The reticulocyte count de- 
creased as the erythrocyte and hemo- 
globin levels improved. The belief 
that reticulocytes are more resistant to 
hypotonic sahne solutions than adult 
erythrocytes is not universally ac- 
cepted*®. 
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There is a growing impression con- 
cerning the effect o£ splenectomy that, 
althou^i the hemolysis is inhibited, 
there is little change in erythrocyte 
fragility. This is not supported by the 
present study, nor by many earlier 
studies.^ Animal experiments have re- 
vealed that removal of the normal 
spleen results in an increase in erythro- 
cyte resistance to hypotonic salt solu- 
tions, hemolytic sera, and saponin‘s. 
Reported observations of erythrocyte 
fragility after splenectomy in congenital 
hemolytic icterus have varied. Tins 

FIGURE 2 


“diagonal’ tj^pe of curve before splen- 
ectomy there was a change to the 
“tailed” type of curve with a shift of 
tlie hemolysis toward the normal. Tire 
hemolysis at 0.8% saline was decreased 
by 23%; at 0.7% saline it was de- 
creased by 58%; at 0.6% saline it was 
decreased by 94%. These data indi- 
cate that splenectomy diminishes the 
erytlirocyte fragility. In addition, 
there is a diminution in spherocytosis 
and in the mean corpuscular volume of 
the erythrocytes after splenectomy. 

It is accepted generally that tire 


QUANTITATIVE HEMOLYSIS CURVES 



\'ariation may be e^ddenced as either 
a return to normal or an increase in tire 
fragility.^-^^-’^ Quantitative studies of 
die hemolysis have been performed in 
few instances. Such studies by 
\^aughan^' and Dacie^ have shown dial 
the curves of hemolysis in congenital 
lieinolydc icterus may be classified as 
“normal”, “tailed”, or “diagonal” in 
l\‘pe. Tliese workers have shown that 
after splenectomy there is a significant 
change in the form of the curr’es to- 
ward normal. Similar curves w'erc 
obtained in this case (Fig. 2). From a 


essential clinical features of congenital 
hemolytic icterus result from the break- 
down in the spleen of the abnormally 
fragile cells. Recent studies by Emer- 
son et air indicate that the spleen in 
congenital hemolytic icterus serves as 
a site for “erythrostasis”. As a re.sult 
of diis a rapid breakdown of the in- 
herently defeedve erydirocytes occurs. 
In diis and other reported cases^ ’- 
the decrease in hemolysis, following 
splenectomy, as determined quantita- 
tively, 'is in accord widi die wew' that 
die erythrocytes modified by stasis in 
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the spleen are no longer present. 

It is concluded that the major ab- 
normalities of the erythrocytes in con- 
genital hemolytic ictei-us result from 
stasis in the spleen. Removal of the 
spleen brings about a change toward 
the normal. The primary inherent de- 
fect of the er54lirocyte is unknown. 

Summary: 1. Congenital hemolytic 
icterus in a 26 year old negress is re- 
ported. 


2. Hematological and chemical data 
before and after splenectomy are re- 
corded. 

3. A discussion of the pathophysio- 
logical features of congenital hemolytic 
icterus as manifested by this patient is 
irresented, with particular attention to 
the changes in spherocytosis, mean cor- 
puscular volume of the erythrocytes, 
and the curves of erythrocyte fragility 
after splenectomy. 
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Abnormal physical findings were shift to tlie left noted in the first count, 
sparse. Enlargement of only die cervi- but in the second determination done 
cal lymph nodes was found in 5 cases, two days later, return to normal had 
Two patients showed a generalized occurred. In 3 patients an eosinophil 
lymph gland enlargement, and in 2 count of 5^" was noted on the initial 
cases there were no abnormally pal- count. Urine urobilinogen was ele- 
pable lymph nodes. Tenderness in the vated in all cases. In 1 case the icterus 
epigastrium or right upper quadrant index was elevated to 17 units. In 
of die abdomen was present. Frequent- another, with a normal icterus index, the 
ly the equivalent of tenderness was a blood bilirubin was slighdy elevated, 
"queasy feeling” on right upper quad- In the remaining 7 patients, there was 
rant compression. The liver edge, no evidence of increased blood icterus, 
palpable in all 9 patients, was found to In all of the patients in whom the pro- 


TABLE I - Clinical Features 
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X XXOXXXXX X 

X XOOXOXXX 0 

X XOOOOOXX X 

X XXOXOOXX X 


e.\tend from 2 to 4 centimeters below 
the right costal margin. In none of 
the patients was there any significant 
abnormalities in the nasopharynx or 
chest. 

Tlie white blood count in all pa- 
tients was within normal limits or 
slightly depressed (Table 2). The 
highest count obtained was 9,500 per 
cm. and the lowest 4,200 per cm. The 
white cell distribution was also in the 
normal range in all cases except one. 
In this patient there was a marked 


cedure was done, die bromsulfalein 
test showed evidence of impaired liver 
function varying from 80 % to 6 % re- 
tention. The cephalin flocculation test 
was positive in 5 cases. The thymol 
turbidity test was positive in 4 of the 
group but in the remaining 5 patients 
the values were between 3 and 4 
units. It has been our experience, as 
■well as of odiers^*, that in normal sub- 
jects the result of the thymol test is 
less than 3 units, although MacLagen s 
original report^- stated that turbidity 
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as high as 4 units was found in normal 
persons. The heterophile agglutinin 
reaction was negative in the 4 cases in 
whom this test was performed. 

Course and Duration. Although even 
during the early febrile period there 
was a suggestion of abdominal locali- 
zation of the disease process in all 
cases, this abdominal involvement be- 
came even more evident with the sub- 
sidence of the fever. Epigastric full- 
ness, anorexia, flatulence and epigas- 
tric or right upper quadrant abdominal 


the end of 3 weeks. At this time bed 
rest was abandoned, in spite of tlie 
fact tliat abnormal bromsulfalein re- 
tention persisted. One continued to 
show impairment of liver function at 
10 weeks, but returned to an apparent- 
ly completely normal state at 20 weeks. 
In the sixth patient no clinical obser- 
vations were made beyond the first 
week of tlie disease. 

In the remaining 3 cases tlie course 
was so prolonged as to be regarded as 
subacute or chronic. In one of tliese 


TABLE II - Initial Laboratory Findings 


Case 

WC 
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5 

0 
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3 
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7 

1 

1 
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2 
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44 44 

10 

0 

2 
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3 

3.6 U 

A.F. 

4,500 

82 17 

1 

0 

0 
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1 
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6 

0 
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1 
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I.H. 
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50 41 

6 

2 

1 

1-320 

10% 

4 

1.5 U 

W.B. 

9,000 

62 30 

3 

5 

0 

1-80 

— 

3 

6 U 

J.E. 

Not done 

Not 

done 


1-60 

4% 

3 

4 U 

R.'B. 

6,400 

46 50 

3 

1 

0 

1-160 

— 

3 

4 U 


tenderness were prominent. Tliese 
symptoms, while not se\’^ere, were per- 
sistent and troublesome. It was con- 
sistently noted, furthermore, tliat early, 
abandonment of bed rest led to an 
increase in intensity of these S}mp- 
toms; while return to bed rest result- 
ed in abatement. 

In 5 of the cases, maintenance of a 
high caloric, high protein diet and bed 
rest resulted in complete disappearance 
of all signs, symptoms and laboratory- 
abnonnalities. This required 5, 6 and 
S weeks respecti\-elv. Two patients 
were free of signs and symptoms b\' 


patients there was present exeessive 
fatigability, anore.xia, abdominal full- 
ness and weight loss as well as impair- 
ed liver function at the end of 20 
weeks. Another patient showed sim- 
ilar s)mptoms, as well as impaired 
bromsulfalein e.xcreb'on at the end of 
4 months. In the last case persistent 
fatigability, right subcostal pain, epi- 
gastric fullness and anore.xia remained 
for 5 months before disappearing. In 
this case li\’er function studies were 
normal b\' the sixth w'eek. 

Discussion, Though most of tlie 
criteria gi\en abo\e are not speciGc 
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for anicteric hepatitis, when consider- 
ed as a whole, they afford a good 
diagnostic clinical picture. 

Ihe cases presented in this stud)' 
satisfy tire major criteria for the di- 
agnosis of tliis disease. Also all show- 
ed ewdences of hepatic involvement 
both by physical signs and laboratory 
studies after tire febrile period was 
over. This is worthy of emphasis 
since fever alone can produce transient 
impairment of liver function'^. The 
persistence of evidence of hepatic dam- 
age long after the febrile period is 
therefore suggestive of a specific ef- 
fect of the disease in the liver. Fur- 
ther evidence that this was a form of 
hepatitis is given by the improvement 
of these patients oir bed rest and diet, 
as well as exacerbation on exertion. It 
is significant tlrat in 4 of tire 9 cases 
the course was extremely prolonged. 
■WTren last seen, 2 of the patients still 
had laboratory evidence of impaired 
liver function and symptoms suggest- 
ing chronic hepatitis. While in some of 
the cases all of tire laboratory tests of 
liver function did not show parallel 
degrees of impairment, in all cases 
one or more of the tests used did show 
liver damage. This is a state of affairs 
we might expect, for were the liver 
damage sufficiently se\’ere to produce 
marked, consistent impairment by all 
tests used, we would also expect bi- 
lirubin retention, i. e. jaundice. 

The cause of tire anicteric hepatitis 
noted in these patients was not de- 
termined. That it was the virus of in- 
fectious hepatitis or an allied strain 
can neither be stated nor denied. It 
is likely, however, that the etiological 
agent was a virus in view of the early 
clinical features.- It has been stated 
that the \-irus of primar)' atypical 
pneumonia or of infectious mono- 
nucleosis may also cause an infectious 
hepatic injur)' wtli or without jaundice. 
It is conceivable that other viruses may 
also at times involve the liver. It is. 


however, relatively unimportant clin- 
ically whether liver damage in the 
presence of acute infectious disease is 
caused b)' a virus which is primarily 
and usually hepatotropic, as in infec- 
tious hepatitis, or whether the hepatic 
dysfunction is a less frequent com- 
ponent of a systemic disease. It is 
reasonable to believe that when the 
liver is sufficiently involved for hepatic 
dysfunction to be clinically manifest, 
die treatment should be tlie same as for 
a primary hepatitis. The evidence of 
liver damage in the apparently non- 
specific systemic syndromes described 
in tins paper, and the demonstrated pro- 
pensity of such liver damage to become 
chronic, point to the importance of 
recognizing sporadic cases of anicteric 
hepatitis and instituting proper treat- 
ment if chronic hepatitis is to be 
averted. 

It was pointed out by Budd® in 1846 
diat infectious hepatitis can occur 
witliout jaundice. Esler’^^, in 1902, like- 
wise, emphasized the occurrence of 
non-icteric cases during epidemics of 
jaundice. Cockayne, in Iris classic re- 
wew of sporadic and epidemic catarrh- 
al jaundice, included in the clinical 
description the possibility of anicteric 
cases. In the study of Jones and 
Minot‘«, in 1923, it is stated that “mild 
cases” witlrout jaundice are especially 
prone to occur during epidemics. These 
observers, as well as others^^’^'*'^®'”^'”^ 
who have discussed infectious hepatitis 
more recently, apparently regarded tire 
occurrence of anicteric cases as of in- 
terest only in demonstrating tire wide 
variation in intensity that can occur 
diagnosing infectious hepatitis without 
jaundice and to comment on the high 
incidence of this form of the disease. 
The obserr'ations of tliese authors have 
not only been corroborated by reports 
of other wartime epidemics, but have 
been further validated by the experi- 
mental induction of anicteric hepatitis 
in \’olunteers”'’ 
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Although the need for recognizing 
sporadic cases of anicteric hepatitis has 
recently been emphasized, and the 
criteria elaborated”, diere have been no 
clinical reports of cases of hepatitis 
without jaundice diagnosed in the ab- 
sence of an epidemic of infectious hep- 
atitis with jaundice. It has been noted 
that the clinical picture of anicteric 
hepatitis differs in no significant respect 
from pre-icteric cases which ultimately 
develop jaundice”-^'*'^'’. Evidence of a 
systemic infection, with fever, chilly 
sensations but rarely frank chills, and 
frontal headache when combined with 
preponderant anorexia and abdominal 
discomfort should suggest the possi- 
bility of anicteric or preicteric hepatitis. 
If the abdominal discomfort localizes 
in the epigastrium or right upper quad- 
rant, the likelihood is increased. Ten- 
derness in the right upper quadrant or 
epigastrium, with or witliout hepa- 
tomegaly, is the only helpful physical 
sign. In this connection, it should be 
emphasized that instead of true tender- 
ness, there may be a “queasiness” or 
mild nausea induced by compression 
of the epigastrium. The diagnosis, 
when suspected, is confinned by the 
demonstration of impaired liver func- 
tion after the fever has disappeared. 
Capps and Sborov", conclude from ex- 
tensi\'e experience during tlie recent 
war, that the quantitati\'e urine uro- 
bilinogen, cephalin flocculation and 
bromsulfalein retention tests are of the 
greatest value for this purpose. These 
workers suggest tliat inclusion of the 
thymol turbidit)^ test might also be 
of aid. Demonstration of hyper- 
bilirubinemia or of bilinuria would 
obviou-sly be of even more specific di- 
agnostic ^’alue, although not essential 
for the diagnosis of anicteric hepatitis. 

In 1923, Jones and Minot^*^ suggested 
that occasionally infectious hepatitis 
may result in cirrhosis. During the last 
decade there has been ample confinna- 
lion of this possibilihx Bloomfield^ in 


1938, found tliat of a group of patients 
with cirrhosis of the liver, approxi- 
mately ten per cent had had an episode 
of acute jaundice years before. Several 
years later, Komberg reported that 
patients who had apparently recover- 
ed from catarrhal jaundice showed as a 
residuum, long-standing impairment of 
the liver function often associated witli a 
suggestiv^e symptom complex. Altschule 
and Gilliganh likewise, found abnormal 
liver function years after the original 
attack, although, they regarded these 
sequelae as representing a “mild, be- 
nign form of chronic hepatitis”. Barker 
and his co-workers® have given a care- 
ful description of the signs and 
symptoms of chronic hepatitis seen 
during the epidemic of acute hepatitis 
in the Mediterranean theatre of oper- 
ations. It is their opinion that this 
syndrome may result in cirrhosis. 
From Watson^®'®® and otlier workers®’®^ 
has come clinical evidence confirming 
this view. Likewise histological evi- 
dence obtained by liver biopsy, has 
demonstrated the transition from acute 
infectious hepatitis to a clironic, fibrotic 
hepatic lesion^®’®^. 

It has been shoum tliat the duration 
of a bout of infectious hepatitis is pro- 
portional to tlie depth of jaundice®®. 
It would, therefore seem that the most 
severe and deeply jaundiced cases 
would be most prone to develop pro- 
longed and disabling sequelae. This 
situation is mitigated, however, by tlie 
fact that the deeply jaundiced patient, 
in whom the severity of illness is 
obvious, is most likely to receive ade- 
quate treatment. It has been pointed 
out®, on the other hand, that anicteric 
hepatitis may present a special hazard 
with respect to the occurrence of 
clironic hepatitis. The very absence of 
jaundice and tlie ease uuth which the 
episode might be o\-erlooked or called 
“flu” or “grippe” can lead to improper 
handling. It is these latter cases, which, 
in the absence of sufficient bed rest and 
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a favorable diet, might develop chronic 
hepatitis‘s. 

Summary and Conclusions. In the 
course of observations of apparently 
acute virus diseases, nine cases of 
anicteric hepatitis were studied. Clin- 
ical features conformed to those seen 
in epidemic icteric and non-icteric 
hepatitis. Urobihnogenuria was seen in 
all cases and evidence of impaired 
liver function as shown by brom- 
sulfalein retention, abnormal cephalin 
flocculation and thymol turbidity 
tests was common. 

The duration of symptoms and the 
response to treatment were similar to 


those seen in icteric hepatitis. The oc- 
currence of a prolonged course, with 
the propensity to develop subacute or 
chronic hepatitis, has been described 
in two cases. 

The potential of infectious hepatitis 
to leave disabling residua is empha- 
sized. A similar hazard is offered hy 
anicteric hepatitis, potentiated by the 
ease with which this form of the 
disease may be overlooked. \Vhenever 
a nondescript febrile syndrome pre- 
sents itself, anicteric hepatitis should 
be looked for and if the clinical features 
are suggestive, appropriate liver func- 
tion studies should be made. 


REFERENCES 

1. Altshule, M. D., and GiUigan, D. R.: New Eng. J. Med., 231, 315, 1944. 

2. Barker, M. D., Capps, R. B., and Allen, F. W.: J. Am. Med. Assn., 128, 997, 1945. 

3. Ibid.: Ibid., 129, 653, 1945. 

4. Bloomfield, A. L.: Am. J. Med. Sci., 195, 429, 1938. 

5. Budd, G.: Cited by Watson and Hoffbauer,^®. 

6. Capps, R. B., and Barker, M. H.: Ann. Int. Med., 26, 405, 1947. 

7. Capps, R. B., and Sborov, V. M.: J. Am. Med. Assn., 134, 595, 1947. 

8. Cockayne, E. A.: Quart. J. Med., 6, 1, 1912. 

9. Deutch, E. and MacMahon, H. E.: Gastroenterology, 8, 311, 1947. 

10. Bible, J. H., McMichael, J., and Sherlock, S. P. V.: Lancet, 2, 402, 1943. 

11. Esler, H.: Cited by Cocka}Tie,s. 

12. Finks, R. M., and Blumberg, R. W.: Arch. Int. Med., 76, 102, 1945. 

13. Ford, J. C.: Lancet, 1, 675, 1943. 

14. Hardy, H. L., and Feenester, R. L.; New Eng. J. Med., 235, 147, 1946. 

15. Howard, R. and Watson, C. J.: Arch. Int. Med., 80, 1, 1947. 

16. Jones, C. M., and Minot, G. R.: Boston Med. and Surg. J., 189, 531, 1923. 

17. Klatskin, G. and Rappaport, E. M.: Ann. Int. Med., 26, 13, 1947. 

18. Komberg, A.: J. Clin. Invest., 21, 299, 1942. 

19. Kunkel, H. G., and Hoagland, C. L.: New Eng. J. Med., 236, 891, 1947. 

20. Mallorj', T. B.: J. Am. Med. Assn., 134, 655, 1947. 

21. Marion, T. B.: Gastroenterology, 8, 717, 1947. 

22. Mateer, John, G.; Gastroenterolog)', 8, 52, 1947. 

23. Neefe, J. R.: Med. Cl. No. Am., 30, 1807, 1946. 

24. Ibid. Gastroenterology, 7, 1, 1946. 

2.3. Neefe, J. R., Gellis, S. S., and Stokes, J., Jr.: Am. J. Med., 1, 3, 1946. 

29. Osgood, E. E.: J. Am. Med. Assn., 134, 583, 1947. 

27. Neefe, J. R., Stokes, J., Jr., and Gellis, S. S.: Am. J. Med. Sci., 210, 561, 1945. 

28. Neefe, J. R., Stokes, J., Jr., Reinhold, J. and Lukens, F. O.: J. Clin. Invest, 23, 836, 1944. 

29. Osgood, J. B.: Am. J. Med. Sci., 210, 18, 1945. 

30. Rennie, J. B.: Am. J. Med. Sci., 210, 18, 1945. 

•31. Roholm, K., and Iverson, P.: .4cta Patli. et Microbiol. Scandinav., 16, 427, 1939. 

32. Shank, R. E., and Hoagland, C. L.: J. Biol. Chem., 162, 133, 1946. 

33. Watson, C. J., and Hoffbauer, F. W.: Ann. Int. Med., 25, 195, 1946. 

34. Ibid., 26, 813, 1947. 

35. Zimmerman, H. J., Lowrv, C. F., Uyevama, K,, and Reiser, R.: Am. J. Med. Sci., 213. 
395, 1947. 



ORNITHOSIS (PSITTACOSIS), A REVIEW 

WITH A REPORT OF EIGHT CASES RESULTING FROM CONTACT WITH THE 

DOMESTIC PEKIN DUCK 

By WILLIAM WOLINS, M.D. 

ATTENDING PHYSICIAN, THE SOUTHAMPTON HOSPITAL 
RIVERHEAD, NEW YORK 


The appearance in recent years of 
sporadic and ejrideinic pneumonitis of 
an atypical character has resulted in 
the delineation of the clinical entity 
known as primary atypical pneumonia. 
The negative bacteriologic findings as- 
sociated with the disease have prompt- 
ed numerous attempts to isolate a 
causative viral agent. Findings as re- 
gards primary atypical pneumonia have 
been equivocal, but a number of viral 
agents capable of causing pneumonitis 
clinically indistinguishable from pri- 
mary atypical pneumonia have been 
isolated. Certain of these agents be- 
long to the psittacosis-lymphogran- 
uloma group of viruses, which were 
the first viral agents of animal origin 
recognized as capable of producing 
pneumonitis in maiv'’®. 

This report summarizes the knowl- 
edge to date concerning pneumonitis 
caused by the viruses of psittacosis 
(ornitliosis) and presents 8 cases of 
ornithosis in man resulting from con- 
tact with a hitherto unrecognized focus 
of infection, the domestic Pekin duck. 
The initial diagnosis was made by the 
autlior in April of 1945 in an atjqiical 
pneumonia affecting a duck worker 
and was verified serologically soon 
thereafter. 

E.xcellent summaries of the history 
of the disease may be found in Meyer’s 
and Favour’s” articles. In recent 
N'ears the findings of interest have 
been the isolation in animals’---”-""^ 
and in man with no known animal 
contacts'"'-’”'' of members of the psit- 
tacosis group of viruses. Of these, the 
virus isolated by Baker'-" is the only 


one of mammalian origin beheved able 
to produce infection in man. An 
ornithotic virus has been identified by 
Pollard'’" in marine birds. The pre- 
diction by Meyer'"" and Meyer and 
Eddie"® that barnyard fowl may be a 
reservoir of ornithosis is fulfilled in 
this communication in which all but 
one of tlie clinical cases were in in- 
timate contact with the domestic duck. 
Tliese birds are grown in tremendous 
numbers (7 million annually) on a 
number of farms located in the eastern 
end of Long Island. The association 
between human pneumonitis and oc- 
cujiational e.xposure was recognized 
and diagnosis verified by complement 
fixation tests. Subsequently an omi- 
thotic virus was isolated from the ducks 
by Drs. K. F. Meyer and B. Eddie of 
the University of California. This will 
be the subject of a future communica- 
tion. 

Review of Psittacosis - Ornitliosis. 
Definition: Psittacosis is a specific dis- 
ease of birds of tlie parrot family that 
is highly communicable to man. Orni- 
thosis is the name given by Meyer to 
similar infections in birds other than 
those of the parrot family. 

Epidemiology. Psittacosis-Ornitho- 
sis is essentially an endemic disease in 
a variet)’ of wild and domesb'cated 
birds wliich, under certain circum- 
stances, may become epidemic. The 
work of Meyer and Eddie"'-"’''"’' on 
domesticated birds and of BurneF-" 
on birds in a wild state indicates tliat 
the infection is transmitted to the 
young in the nest, either by parents 
who are shedders of the virus or 

(oil ) 
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through activation of latent infection 
in the breeding female. The mortahty 
of the infection so acquired is low; 
excretion of the virus in droppings and 
nasal discharges ceases in most birds 
after several months. The virus, how- 
ever, remains latent in the spleen and 
other organs and may become activated 
by adverse environmental conditions. 
Relapses, therefore, may occur in which 
excretion of the virus recurs. Human 
infection follows contact, fleeting or 
intimate, with infected birds. Such 
infections, as a rule, follow acquisition 
of the birds by a few weeks^“. Visitors 
to the infected person may become 
infected, and tliis accounts for the 
characteristically locahzed epidemics 
of the disease. Transmission to man 
occurs in one of 2 ways; more com- 
monly by inhalation of dust containing 
virus particles originating in droppings 
or nasal secretion from infected birds, 
less commonly the infection is ac- 
quired by the bite of an infected bird. 
The majority of clinical cases occur in 
adults. Children under 10 years of age 
appear to be much less susceptible to 
infection and, as a rule, run a much 
milder clinical course. The opinion 
that psittacosis is invariably severe and 
associated with a high mortahty rate 
has been modified in recent years. 
Vfliile the classical disease is still as- 
sociated witli an appreciable mortality 
rate, the mortality following infection 
by related ornitliotic strains of virus 
tends to be lower. Numbers of in- 
dividuals exposed to infection in birds 
never develop clinical manifestations 
but they do show, as evidence of 
previous infection, high titers of com- 
plement fi.xing antibodies in their se- 
rum. This u-ill be discussed in a future 
communication. 

Human-to-human spread has been 
limited by the necessity for contact 
^^^th an actual case and has been re- 
ported about 30 times, usually in 


nurses or doctors attendant upon pa- 
tients. Since Gerlach’s^^ demonsti'ation 
of virus in the sputum of 4 individuals 
who lacked cHnical symptoms of psit- 
tacosis, the possibility of a human 
carrier state has been known to exist. 
Meyer and Eddie’s recent report®^ of 
an individual whose sputum harbored 
virus 8 years after recovery from psit- 
tacosis is of particular interest, since 
it is one step further along the course 
the disease may take to become a dis- 
ease of man. While no cases have 
been traced to contact with tliis human 
carrier, it is conceivable that a mutant 
strain capable of infecting contacts 
and established in carriers, may arise 
in the future and alter the ecology of 
the disease. This potentiahty has been 
emphasized by both Burnet® and 
SmadeT'. 

Etiology. The filterability of the 
causative agent was established inde- 
pendently and in rapid succession by a 
number of investigators during the pan- 
demic of 1929, l9303.:>o.2o.2=.«2. Two dis- 
coveries have been of inestimable 
value in the laboratory and in clinical 
investigation of the disease. The first 
was the work of Krumwiede-’ and of 
Rivers and Berry^® which showed that 
diagnosis could be made by growing 
the virus from infected material by 
injecting tlie material into the white 
mouse. The other was the work of 
Bedson^ which showed tliat comple- 
ment fixing antibodies appeared during 
the disease. Tlie causative virus is a 
member of an interesting group of 
organisms intermediate in morphology 
and metabolism bet\veen tlie true vi- 
ruses on the one hand, and bacteria 
and rickettsia on the other. The mem- 
bers of this group have staining quali- 
ties and may be seen with ordinary 
microscopy and thus resemble bacteria. 
They further resemble bacterial organ- 
isms in being susceptible to the action 
of sulfonamides and of penicillin. Thus 
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the virus of lymphogranuloma vene- 
reum is susceptible both in tlie labora- 
tory and clinically to tlie action of sul- 
fonamides, and members of the psit- 
tacosis-ornithosis group to the action of 
penicillin. The relationship between 
the members of the latter group is not 
yet clear. They may be variant forms 
of each other, or the descendants of a 
common strain modified by residence 
in different animal hosts. While com- 
plement fixing antibodies appear witli 
infection by many of the members of 
this group, differentiation by this means 
is impossible because of cross-reac- 
tions. Differentiation is possible solely 
through consideration of the source 
of the virus and the difference in die 
effects produced by various members 
of die group on experimental animals 
and birds. 

Incidence. Earlier work led to die 
belief diat atypical pneumonias caused 
by agents of this group were relatively 
common®’^®. More recent work rele- 
gates psittacosis (ornidiosis) to a minor 
position as a factor in the causation of 
atypical pneumonia’^®. On die other 
hand, the steadily increasing number 
of animal reseri^oirs of viruses of this 
group, and die denionsti-ation of the 
carrier state in man warrants constant 
consideration of the possibility of psit- 
tacosis-ornithosis in all atypical pneu- 
monias. 

]\Iorbid Anatomy. The principle 
findings in man are in the lungs. These 
show a diffuse confluent bronchopneu- 
monia which starts at the hilum and e.x- 
tends to the x^eriphery. Pleural in- 
volvement is rare and bronchitis uncom- 
mon unless there is secondary bacterial 
infection. Microscopically, the alveolar 
walls show marked mononuclear in- 
filtration, and the alveolar sxiaces are 
filled with a monocytic exudate and 
ab-eolar epithelium which is charac- 
teristically thromi into folds of pro- 
liferating cuboidal cells. Secondarv 


invasion by the pneumococcus or 
streptococcus may alter dre picture. 
The liver shows fatty degeneration and 
areas of focal necrosis. The spleen 
may be enlarged and at times show 
hyaline degeneration of die smaller 
vessels®®’^®. • 

Incubation. In general die incuba- 
tion period varies from 7 to 15 days, 
aldiough in some cases it has been 
much longer (up to 30 days). After 
the bite of a parrot a 30-day incuba- 
tion period has been rexiorted. 

Symptoms and Signs. Tlie initial 
symptoms are diose associated widi 
any infection and resemble more par- 
dcularly diose of influenza. Tliere is 
headache, photophobia, sweating, ma- 
laise, anorexia and abdominal disten- 
tion. A characteristic finding is a rela- 
tively slow pulse. In cases of usual 
severity die fever is continuous and 
lasts for 3 or 4 weeks. Defervescence 
is by lysis in diose cases diat recover 
spontaneously. Physical findings are 
confined to die lungs which show a 
variety of changes. These vary from 
diffuse or patchy areas of pneumo- 
nitis widiout consolidation to areas of 
focal consolidation in one or both 
lungs. An outstanding feature of the 
pneumonitis is die paucity of com- 
Xilaints referable to die respiratory tract. 
Dyspnea and taclij-xinea are rare, 
despite ei’idences of widespread x)ul- 
nionary involvement. Cough may be 
slight or absent, and sputum scarce 
or mucoid. Roentgen-ray findings are 
positive before there is ani' evidence on 
lihysical examination diat pulmonary 
involvement is present. They precede 
physical signs by several days and 
initially are confined to die hilar re- 
gions and to die peribronchial areas 
centrally. In a few days the infiltra- 
tion sxireads peripheralh-, and signs of 
consolidation and focal infiltration of 
the parenchi-ma appear. Physical signs 
of pneumonitis may (as in some of the 
cases to be presented) be en'dent. and 
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Roentgen-ray findings appear minimal. 
In our cases there was no correlation 
between the clinical severity of the ill- 
ness and the degree of pulmonary in- 
volvement on examination or roent- 
genogram. Several cases with a mod- 
erate clinical pictmre, and. one severely 
ill patient, showed only peribronchial 
infiltration on roentgenogram. 

Convalescence following recovery is 
usually prolonged and relapses are not 
infrequent. 

Comphcations are few. Myocarditis 
and peripheral thromboses have been 
reported. 

Death results from toxemia or pul- 
monary insufficiency. The severity of 
the clinical picture is dependent on a 
number of factors. Age and associated 
changes tend to favor a severe illness. 
There is also some variation in the 
clinical severity of the infection with 
the different members of the psittacosis- 
ornithosis group. The omithotic strain 
present in our patients caused pre- 
dominantly moderate clinical illness. 
Favour” classifies the cases into 3 
groups, depending on their severity. 
The first group is composed of mild 
cases with influenza-like illness and a 
short com-se. The second group com- 
prises cases of moderate severity with 
typhoidal state, pneumonia, and a 
course of 3 to 4 weeks duration. The 
tliird group is composed of cases with 
marked to.xic manifestations, wide- 
spread pneumonia and a longer course. 
These, as a rule, appear in older in- 
diwduals and in those with an under- 
lying disease. Cyanosis appears early. 
Delirium and stupor are prominent. 
Encephalitic symptoms may appear and 
myocardial damage become ewdent. 
Relapses are frequent and the mortal- 
ity rate high. This classification will 
be followed in the presentation of the 
cases reported in tliis communication. 

Diagnosis. Clinical differentiation 
between psittacosis-ornithosis, primarj' 


atypical pneumonia, influenza and ty- 
phoid fever may be extremely difficult. 
A history of contact with birds of any 
type may be helpful. The unusual 
association of extensive pneumonitis 
without dyspnea or much cough may 
be significant, as may the bradycardia. 
Essentially, the diagnosis is made by 
laboratory procedures. Negative stool 
cultares and a negative Widal help to 
eliminate typhoid fever. Absence of 
cold agglutinins and a negative ag- 
glutination reaction for streptococcus 
MG help to eliminate primary atypical 
pneumonia. Failure to isolate virus 
and a negative complement fixation 
reaction serve to eliminate influenza. 
Positive findings in psittacosis-ornitho- 
sis are of 2 types. The first is absolute- 
ly diagnostic, and follows inoculation 
of a white mouse with blood (which 
contains virus from a 1 to 3 day illness) 
or sputum obtained from a 5 to 23 day 
course of the disease*®’''®. Character- 
istic changes in the organs of the 
mouse follow, and identification of the 
■virus in the tissues is possible by ordi- 
nary microscopy. The second positive 
diagnostic procedure is the comple- 
ment fixation reaction. Complement 
fixing antibodies appear in the serum 
on about the 8th day of illness, and 
a significant rise in titer above the 8 
day level on the 15th day is considered 
diagnostic. Similarly, an elevated titer 
during illness followed by a fall early 
in convalescence is suggestive. Single 
determinations, if high, may be helpful. 
The titer is considered to be vathin 
diagnostic levels if it reaches a dilution 
of 1;16 (4 plus)®’®®. 

Prognosis. As knowledge concern- 
ing the disease has accumulated, the 
original estimate of a mortality of 30 
to 40% has fallen considerably. An 
average mortality estimate of 10% is 
more likely to approximate the truth. 
It is not unlikely that certain strains 
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of virus cause even a lower mortality 
rate. 

Treatment. Despite some experi- 
mental evidence that large doses of 
sulfadiazine may inhibit growth of the 
viruses of tliis group, its clinical use 
in human infections has been disap- 
pointing* Penicillin has been shown 
to be efficacious in experimental in- 
fections of mice’’*®'*®, and has been 
reported as influencing favorably in- 
fections in man*“’^^’^®’‘“. In the mouse, 
relatively enormous doses must be 
given to prevent death. Equivalent 


responded to sulfonamides. This pa- 
tient responded to 100,000 units daily. 
Meyer and Eddie^* report favorable 
results with doses up to 300,000 units 
daily, and warn against discontinuing 
penicillin therapy too soon after defer- 
vescence in order to prevent relapse. 

Case Reports. {Group I — Mild Ill- 
ness) Case 1. T. H., male, aged 44, 
white, employed as handyman on duck 
farm, took sick on April 2, 1945, with 
chills, headache and abdominal distension. 
Physical examination during the first 2 
days of illness was negative. His tem- 


T&MPERATORE CASE NO. I T.H. 

MAi-E 



Fig. 1, CASE 1, T.H.— Clinical chart .showing mild omitholic infection of short deration with 

spontaneous recovery. 


dosage in man would require the ad- 
ministration of from 3 to 11 million 
units daily. Despite this, favorable 
reports of the use of penicillin in human 
infection have followed the administra- 
tiott of from 80,000 to 300,000 units 
daily. Thus Parker®® used 120,000 units 
daily rather late in tlic course of the 
disease, and was impressed by the 
favorable response. Flippin ct al.^" 
report definite benefit in a patient who 
had been ill for 19 days and had not 


pcralure varied from 100.2° to 102°. Tlie 
pulse rate was 60. On the 3rd day of 
tlie illness fine rales were audible at the 
right base posteriorly. This was associ- 
ated with some percussion dul!ne.ss. Clin- 
ically, there was no suggestion of pulmo- 
nary im'olvemcnt. The respirators’ rate 
was not increased, and there was no 
cough. Because of the unusual nature 
of the illness and the patients occupa- 
tion, ornithosis was considered as a diag- 
nostic possibility, and he was admitted 
to the Southampton Hospital on .April 6. 
1945. for further .study. Roentgenograms 
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showed a patchy pneumonitis of the lower [Group II — Moderate Illness) Case 

half of the right lung field. The leukocyte 2. S. B., male, aged 41, white, duck 
count was 6900 (neutrophils 69%, lympho- marketer, took sick on April 15, 1945, 
cytes 26%, monocytes 4% and eosino- with chills, fever and malaise. These 
phils 1%). He was given sulfadiazine symptoms continued until admission to the 
in small doses; his temperature started Southampton Hospital on May 2, 1945. 
falling on the 2nd day of hospitalization On admission he complained of headache 
(Fig. 1), and he insisted on going home, and occasional cough. Physical findings 
He ran a low-grade fever for 1 week after were confined to the chest. There were 
discharge. During this time the physical numerous fine rales at both bases poste- 
findings in his chest gradually disappeared, riorly. Roentgenograms (Fig. 2) showed 



Fig. 2, CASE 2, S.B.— X-ray of chest showang, solely, e.\aggerated hilar markings. Film taken 

2 weeks after onset of illness. 


Arrangements for doing complement fixa- 
tion tests with his serum were not com- 
pleted until the 28th day after the onset 
of the illness. Semm taken on that day 
showed a titer of 1:32 (4 plus). 

Comment. Tliis case is of particular 
interest because of the mild symptoms 
and short course. The chest findings 
were incidental to symptoms of an 
influenza-like nature and could readily 
have been missed. 


exaggerated hilar markings on the inner 
thirds of both lung fields. The leukocyte 
count was 9300 (neutrophils 87%, lymph- 
ocytes 13%). On admission sulfadiazine 
was given in doses of 1 gm. every 4 hours. 
This was continued for 2 days and then 
stopped, for there was no improvement. 
Penicillin was then started. The initial 
dosage was 25,000 units, intramuscularly, 
everj' 3 hours. There was no improve- 
ment. After 2 days the dosage of peni- 
cillin was increased to 50,000 units. 
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every 3 hours. There was a prompt Southampton Hospital oh April 30, 1945. 
response. His temperature fell to normal She had taken sick the previous day \vitli 
within 24 hours. Complement fixation chills, sweats and headache. The diagno- 
done on the 12th day of illness showed a sis on admission was atypical pneumonia, 
titer of 1:16 (4 plus). The test was re- Physical findings were confined to the left 
peated on the 30th day and the level supraclavicular area. Roentgenograms 
was again 1:16 (4 plus). (Fig. 3) on admission showed a broncho- 

Comment. This patient failed to pneumonia of the left upper lobe and in- 
respond to sulfadiazine and to peni- creased hilar markings. The leukocyte 
cillin in a dosage of 200,000 units daily, count was 7950 (neutrophils 73%, lymph- 



Fig. 3, CASE 3, E.A.-X-ra\' of chest taken day after onset of illness showing bronchopneumonia 
of left upper lobe and increase in hilar markings. 


Of interest, however, is the fact that 
he responded promptly to a dosage of 
400,000 units of penicillin daily. Be- 
cause of tlic inoinpt response to ade- 
quate penicillin therapy, we determined 
to treat future cases with 400,000 units 
daily, as soon as the diagnosis was 
suspected, 

C.\SE 3. E. A., female, aged 49, col- 
ored. duck picker, was admitted to the 


ocytes 37%), Treatment consisted of 
sulfadiazine gm. 1, every 4 hours. Tlus 
was given for the first 4 da\'s after ad- 
mission and then discontinued because 
there was no response. Fever continued 
for 5 more days and was followed b\- 
defen-escence and reco\'er\’ (Fig. 4). In- 
asmuch as she had left the hospital be- 
fore the complement fi.vation on the 
first case was reported, no blood was taken 
until the 14th day of her illness and peni- 
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Fig. 4, CASE 3, E. A.— Clinical chart of case of moderate severity showing lack of response to 
sulfadiazine and spontaneous recovery after a febrile course of 1 week. 


CASE •}, X-ray of chest in case of moderate clinical severity taken 8 days after 

oii'.et showin" a patchy pneumonitis in tin- riglil hilar are.'i. 
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cillin was not administered. Complement 
fixation titer was reported as 1:64 (4 plus). 

Comment. This patient also demon- 
strates the lack of response to sulfadia- 
zine. The illness was of moderate 
severity, and there was spontaneous 
recovery after a febrile course of about 
9 days duration. 

Ca.se 4. A. N., female, aged 46, white, 
duck picker, took sick on May 22, 1945, 
and was treated symptomatically at home 
until May 29, 1945, On that date she was 
admitted to the Southampton Hospital 
with the diagnosis of primary atypical 
pneumonia. Her complaints were pain in 


Comment. This case demonstrates 
a prompt response to penicillin in doses 
of 50,000 units every 3 hours. 

Case 5. S. D., female, aged 44, col- 
ored, duck picker, took sick on May 17, 
1945, and was treated symptomatically at 
home until June 1, 1945, when she was 
admitted to the Southampton Hospital 
with the diagnosis of primary atypical 
pneumonia. She complained of pain in 
the chest, cough, fatigue and headache. 
Examination on admission showed dull- 
ness over the right upper and middle lobes, 
with rales over tliese areas and over both 
bases. Roentgenogram showed a patchy 
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Fig. 6, CASE 4, A. Mf.— Clinical chart showing prompt response to penicillin 400,000 units daily. 


the chest, chills, fatigue and headache. 
Physical examination on admi.ssion re- 
vealed sibilant rales throughout both 
lungs. Roentgenogram (Fig. 5) showed a 
patchy pneumonitis in the right hilar area. 
The leukocyte count was 6700 (neutro- 
phils 79Cr. lymphocytes 19(;c, monocytes 
2<)f )• Penicillin was started on admission, 
being given in doses of 50,000 units, 
intramuscularly, every 3 hours. Her tem- 
perature fell to normal on the 3rd hospital 
day (Fig. 6). Serum taken on the 12th 
day fixed complement in a dilution of 
1:2 (1 plus). On the 25th day semm 
fixed complement in a dilution of 1:16 
(4 plus). 


bronchopneumonia of both ba.ses especially 
the right. The leukocyte count was 9700 
(neutrophils 56^/, lymphocytes 42% , 
monocytes 2%). Penicillin was started 
promptly on admission in the dosage we 
bad established as being adequate in the 
previous cases (400,000 units daily). There 
was no response, although the penicillin 
was continued for 5 da\'s. This was fol- 
lowed by sulfadiazine in an initial dose of 
3 gm., with subsequent doses of gm. 1, 
every- 4 hours. Her temperature fell to 
normal after 48 hours (Fig. 7), but tlie 
contribution of the sulfadiazine to her re- 
covery is (luestionable. Complement fi.xa- 
lion test with sennn taken on the lOtli 
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day of illness showed a titer of 1:128 
(4 plus). 

Comment. The failure of this pa- 
tient to respond to penicilhn is of in- 
terest. She may have had a mixed 
infection witli a bacterial organism that 
responded to sulfadiazine and not to 
penicillin, or it may have been neces- 
sary to have given even larger doses 
of penicillin in her case to cause re- 
covery. Theoretically, she might have 
had a viral pneumonia odier than that 
of ornithosis, and the complement fixing 


mission she was given 50,000 units of 
penicillin, intramuscularly, every 3 hours. 
There was a prompt clinical improvement. 
Her temperature fell to normal after 48 
hours. Her course in the hospital was com- 
plicated by recurring epistaxis. Comple- 
ment fixation tests done with serum taken 
on the 7th day of illness showed fixation 
in a dilution of 1:16 (4 plus). Serum taken 
on the 20th day showed fixation in a di- 
lution of 1:128 (4 plus). 

Comment. This patient responded 
dramatically to 400,000 units of peni- 
cillin daily. There was no evidence of 



Fig. 7, CASE 5, S.D.— Clinical chart showing lack of response to penicillin 400,000 units daily. 
Defeix’escence during treatment with sulfadiazine. 


titer may have arisen as an anamnestic 
reaction. The latter possibility seems 
unlikely, since die background and 
clinical picture resembled tiiat of the 
other cases. 

C.\SE 6. P. P., female, aged 31, colored, 
duck picker, took sick on May 31, 1945, 
with headache, pain in the back, fatigue 
and cough. She was treated sympto- 
matically at home, and admitted to the 
Southampton Hospital on June 3, 1945. 
Positive findings were confined to the 
lungs, which showed fine rales at both 
bases posteriorly. X-ray showed moder- 
ate accentuation of hilar markings and a 
prominent bronchial tree. The leukocyte 
count was 5.500 (neutrophils 667r. lym- 
phocyte.s 32'T. monocytes 2*^; ). On ad- 


pulmonary consolidation, either on phy- 
sical examination or X-ray. 

Case 7. E. S., female, aged 47, white, 
housewife, owned ducks and lived a short 
distance from a plant in which ducks were 
processed for market. She took sick with 
fever, fatigue and cough on May 19, 1945. 
She was treated symptomatically at home 
until June 5, 1945, when she was admitted 
to the Southampton Hospital for further 
study. Positive findings were limited to 
the lungs which showed fine rales at both 
bases, and dullness to percussion over 
both lower lobes. Roentgenogram show- 
ed evidence of an acute upper respiratory 
infection. The leukocyte count was 12,300 
(neutrophils 817/. lymphocytes 18')?', 
monocytes I')?). Penicillin was given in 
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doses of 50,000 units intramuscularly, 
every 3 hours, for 4 days with no re- 
sponse. The patient developed erythema 
nodosum during this time. On the 5th 
day, sulfadiazine was started in doses of 
gm. 1, every 4 hours. Her tempera- 
ture fell to normal rather promptly 
following this, and her clinical condi- 
tion improved. The effect of the sulfona- 
mide is difficult to evaluate, since it was 
given only in moderate dosage and for a 
short time. Complement fixation tests, 
done on the 16th day, showed a titer of 
1:64 (4 plus). 

Comment. This patient did not re- 
spond to 400,000 units of penicillin 


daily. X-ray showed no signs of pneu- 
monitis. The same theoretic considera- 
tions are present in this case as in Case 
No. 5. 

Group III — Severe Ilhiess. Case 8. 
E. Sc., female, aged 71, white, housewife, 
did not own ducks, but in February of 
1945 had visited on a duck farm, and in 
March and April was confined to bed with 
pneumonia, for which she received sulfa- 
diazine. Had been feeling poorly since 
then, and on June 12, 1945, took sick again 
with fever, cough, e.xpectoration and an 
eruption on her hands and back. She was 
admitted to the Southampton Hospital on 




Fig. 8, CASE S, E.Sc.-X-ray of severely ill p.aUenl taken on 1st da>- of illness (relapse) showin*^ 

increase in liilar markings. “ 
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that day. Examination revealed an el- 
derly white female, who was acutely ill. 
She was coughing frequently and pro- 
ductively, and raising a whitish, mucoid 
sputum. Examination of the chest showed 
dullness to percussion in both interscapu- 
lar areas. On the palms of both hands 
and on her back there were purplish-red 
plaques that were slightly elevated and ex- 
tremely pruritic. During the next few 
days her condition deteriorated and be- 
came critical. Her mental status varied 
from confusion to somnolence. Cough 
and the itching of the hands was distress- 
ing. Roentgenograms (Fig, 8) on admission 


illness, showed positive fixation in a titer 
of 1:64 (4 plus). 

Comment. This patient was by far 
the most ill of the 8 presented, pos- 
sibly because of her age. It seems 
very hkely tliat tlie illness was a re- 
lapse of an original infection in March 
and April of 1945. Pulmonary changes 
on physical and Roentgen-ray examina- 
tion were few. 

Discussion. The ornithotic infec- 
tion in these individuals is of con- 
siderable epidemiologic interest. The 
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Fig. 9, CASE 8, E.Sc.— Clinical chart of .severely ill patient .showing lack of respon.se to peni- 
cillin 150,000 units daily and 200,000 units daily, with prompt response to doses of 400,000 
units daily. 


showed an increase in hilar markings. The 
leukocyte count was 11,700 (neutrophils 
•37 , lympliocytes GS^/c ). Her course was 
extremely interesting. She was given 
penicillin in doses of 25,000 units every 4 
hours on admission, and after 3 days with 
no improY’ement, the dose was increa.sed 
to 25,000 tinils everv' .3 hours. Neverthe- 
less. her condition continued critical. Two 
days later the penicillin was increased to 
50.000 units cvcrv' .3 hours. Following 
institution of this dosage, her improve- 
ment was dramatic. Her mental status 
cleared, the cough diminished rapidly in 
ses'crity and frequency, and her tempera- 
ture began to fall, re.tehiiig normal in 48 
ho\irs (Fig. 91. Complement fixation tests, 
done with sonun taken on the 6fh day of 


infection in the ducks was shown sub- 
sequently to be of an endemic nature. 
In consequence, most of these indi- 
viduals had been exposed to ornithotic 
infection for years and had thus ap- 
parently acquired sufficient immunity 
to remain well until their present ill- 
ness. Tire seasonal onset (April and 
May) of most of the illnesses is im- 
portant in attempting to explain the 
loss of immunity. The fact that duck 
growing is at a minimum in cold 
weather and the first ducks marketed 
aie killed in March suggests the factors 
responsible for the on.set of the illne.ss. 
It would .seem that inclisicluals who 
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have lost sufficient immunity after some 
montlis without contact with ducks, on 
again being exposed to infection, de- 
velop clinical illness. Only a small 
percentage, however, of those employ- 
ed on the farms lose sufficient immunity 
to become susceptible. This sequence 
of events, which is a re-infection rather 
than an illness after an initial exposure, 
may account for the generally mild 
nature of the disease, since an ac- 
celerated immune response under such 
circumstances is to be expected. That 
infection in other workers without any 
history of illness is wndespread is 
evidenced by the finding of comple- 
ment fixing titers within diagnostic 
levels in 37% of duck workers, as 
contrasted with similar levels in only 
3.4% of the general population locally. 

In harmony with the generally mild 
character of the disease locally is the 
type of pulmonary change found on 
Roentgen-ray and physical examination. 
Several of the patients had minimal 
hilar changes indistinguishable from 
those of other upper respiratory in- 
fections. Others had some hilar infil- 
tration and peribronchial thickening. 
These findings were not necessarily 
limited to early cases. In this respect 
it appears that ornithosis may resemble 
in behavior other viral infections of 
the respiratory tract which are capable 
of producing all degrees of pulmonary 
in\'olvement from minimal changes to 
extensive pneumonia. 

The response to penicillin in 4 of 6 
patients who were given 400,000 units 


daily was prompt and left little doubt 
as to its efficacy in such dosage. The 
failure of the penicillin to affect the 
other 2 cases, who showed deferves- 
cence after penicillin was stopped and 
sulfadiazine started, is difficult to ex- 
plain unless it be assumed that tlie 
dosage was inadequate or that a mixed 
infection was present. There is no 
evidence that administration of peni- 
cillin for more than the usual time 
after defervescence is necessary to 
prevent relapse. 

Summary. 1. Psittacosis-ornithosis 
is reviewed clinically, and 8 cases re- 
sulting from contact with infected 
domestic ducks are reported. 

2. Mild or moderate illness pre- 
dominated and there were no deaths. 

3. Evidences of a frank pneumonic 
process are not necessarily the ac- 
companiment of infection, nor is there 
any direct correlation between the 
severity of the illness and the changes 
in the chest. 

4. The epidemiologic background of 
the clinical material suggests that im- 
munity to ornithosis develops in many 
individuals after long e.vposure or 
latent infection, and that the immunity 
so acquired may wane unless there 
is constant re-exposure. 

5. Penicillin in doses of 50,000 units 
every 3 hours was sufficient to produce 
prompt recovery in 4 out of 6 patients. 

6. There is no evidence that peni- 
cillin must be continued for some days 
after defervescence to prevent relapse. 


Note: The author wislic.s to tliank Dr.s, K. F. Meyer and B. Eddie for the serologic examina- 
tions, and Drs. E. Bellows and J. Kris for pennission to report on their patients. 
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In March 1947 a case of smallpox oc- 
curred in New York City, in an Ameri- 
can business man who had recently re- 
turned from Mexico. The case was not 
recognized during life and isolation was 
not enforced until shortly before death. 
Seven secondary cases occurred within 
the city and 4 additional ones outside 
of New York City.®*"* Since a consid- 
erable number of the population had 
been exposed it was considered wise to 
urge vaccination on all city residents. 
Widiin a period of about a month, ap- 
pro.ximately 5 million people were vac- 
cinated.® It was realized that there ex- 
isted tlie known risk of encephalitis fol- 
lowing vaccination, but it was felt tliat 
the risk of smallpox was the greater one. 
Only 2 years before, smallpox was in- 
troduced into the Puget Sound area of 
Washington by a returning soldier, and, 
before a vaccination campaign got un- 
der way, 65 cases of smallpox with 20 
deaths resulted. 

Soon after tlie termination of the \’ac- 
cination program and for 2 mouths 
thereafter, all reported cases of ence- 
phalitis, xioliomyelitis and other neuro- 
bojiic diseases were carefull)' investi- 
gated. In addition, a canvass was made 
of the hospitals in the cit)% and all cases 
admitted in which a diagnosis of ence- 
phalitis or xioslvaccinal comxrlication 


was made were checked. Furtliermore, 
all death certificates were scanned and 
those in which a jiTimary or secondary 
diagnosis of encejihalitis was made or 
in which tliere was any indication of a 
complication following vaccination 
were likewise investigated. Finally, all 
cases referred to the Division of Acute 
Infections of the Central Nervous Sys- 
tem were examined and tliose showing 
symptoms or signs of encephalitis fol- 
lowing a recent vaccination were added 
to tlie list. 

It should be stated in tlie beginning 
that a diagnosis of postx'accinal ence- 
phalitis made on clinical grounds is a 
presumiitive diagnosis. Not only is there 
no difference behveen tlie clinical jiic- 
ture of this disease and that of odier 
encephalitides, but there is often little 
to distinguish it from cases of tumor of 
the brain or of tuberculous meningitis. 
Of die cases on our list in which die 
diagnosis of posh'accinal encephalitis 
was made ante mortem, 2 were sliowm 
at post mortem to have been cases of 
tuberculous meningitis, 1 of brain tu- 
mor and 1 of hypertensive vascular dis- 
ease with coronarx' occlusion and con- 
gestion of the brain. Armstrong- prefers 
the term post vaccination encephahtis 
to that of postvaccinal encephalitis be- 
cause it connotes a temporal radier than 


® Thp i-sliiMU' of 5,000,000 v.iccinations is linsod on flu’ amount of SMccino distributed bs' the Hea’ 
Uop.atlmrnt. This was Mifficient for -J,6-}1,033 vaccinations. P.-irt of this was in points .and part in bu 
the latts't m vials swllicient for 50 vaccinations. The amount of vaccine on hand in doctors’ offices dr 
sUnr,s_aml supply houses at the bcKinnini; of the campatoi is not Vnomi. Manv doctors usid a i-ial for mt 
than ,i0 vaccmations. often for twice that nninber. Tlic estimate of 5,000,000 v,iccinations is conservative. 
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a causal relationship between the vac- 
cination and the disease. The latter 
term, however, is used so widely in the 
literature tliat we have adopted it in 
this paper. 

Incidence. We were able to gather 
49 cases which were diagnosed as post- 
v'accinal encephalitis. Of tliese 8 died 
and all were autopsied. Four of the 
cases, as already indicated, were shown 
to have died of a disease other than en- 
cephalitis, and were excluded. The re- 
maining 45 were accepted as true cases. 

The incidence of postvaccinal ence- 
phalitis varies greatly in different coun- 
tries. Tlie highest incidence is found in 
Europe, chiefly in Holland and Eng- 
land. Table 1 lists the recorded 


Nortli American continent no cases 
were reported to the Office Interna- 
tionale from Canada and Mexico. In 
the United States, Armstrong- collected 
71 cases from 1922 to 1932. The 45 
cases reported by us, following 5,000,- 

000 vaccinations, give a ratio of 1 
case to 110,000 vaccinations. 

The tremendous differences in rates 
of incidence are manifest not only in 
different countries, but in different sec- 
tions of the same countiy and in differ- 
ent years. Thus in Holland, va- 
riations in rates from 1 to 2180 to 1 to 
53,233 are reported for different prov- 
inces, while in Austria^- the cases per 
units of lymph distributed varied from 

1 to 286,683 in 1926 to 1 to 7749 in 1929. 


Table 1. — Post%-accinal E.vcepiialitis, Case Rates and Fatality Rates, most Repouts lv the Lit- 
erature 


Counhy 

Vear 

Number 

Vaccinated 

Number of 
Cases 

Case Rate 

Holland 

1924-1926 

495,431 

123 

1:4000 

Holland 

1929-1931 

866,100 

186 

1:4658 

Holland 

1927-1937 

1,866,558 

152 

1:12,280 

England 

1922-1924 

2,252,939 

62 

1:36,337 

Ensland 

1922-1927 

4,540,548 

93 

1:48,823 

Austria 

1925-1929 

1,584,663 

80 

1:19,808 

Germany 

1927-1929 

6,100,000 

61 

1:100,000 

Switzerland 

1928-1930 


0 

0 

Switzerland 

1921-1926 ■ 

1,500,000 

5 

1:300,000 

Sweden 


500,000 

16 

1:33,000 

Nonvny ■ 

1921-1929 


28 


I'ortuRal, Roumania. 

Mezico, Canada 


So cases. 


U.S.S.R.- 


8 to 9 million yraily 

0 


Jocoslavia 


1.670.000 

0 



Fatality 
Rate Percent 
■ " 30 


58 


27 

32 


20 

25 

53 


cases from the literature. In Holland 
3 reports for tlic overlapping years 
1924-1926, 1924-1931 and 1927-1937 
give case rates of 1 to 4 , 000 ,-" 1 to 
4,500,’* and 1 to 12,000,-'' vaccinations. 
The Andrewes Committee’® reported 93 
cases in England with a ratio of 1 to 
48,800. In Austria,’- the ratio was 1 to 
20,000 and in Germany,-’ 1 to 100,000 
vaccinations. Tlie Rolleston Commit- 
tee' quotes the report of the Office In- 
ternationale d’Hygiene Publique, in 
which the ratio of cases to numbers 
vaccinated is given as 1 to 300,000 for 
Switzerland, 1 to 33,000 for Sweden and 
no c-ases for Portugal and Roumania. 
Nor were any cases reported in Russia 
where 8 to 9 million vaccinations were 
done yearly, nor in Jugoslavia, follow- 
ing 1,670,000 saccinations. On the 


In the Tyrol the ratios were 1 to 4570 
in 1927, 1 to 1213 in 1928 and 1 to 
641 in 1929. In Scotland, in 1942, the 
ratio of cases to numbers vaccinated 
was 1 to 6600 in Fife’" and 1 to 70,000 
in Glasgow.’ In the United States, 
where the incidence of postvaccinal 
encephalitis is low, Armstrong® reported 
in 1930 the occurrence of 5 cases among 
5,000 \’accinations in a city of 450,000 
people, a ratio of 1 case to 1,000 vac- 
cinations, whereas in the entire country 
during the 3 years 1928-1930 there oc- 
curred 41 cases, a ratio of 1 case to 350,- 
000 vaccine points sold. No satisfactory 
e.xplanation has yet been made for the 
high attack rates in some loc.alities and 
the absence of cases in others. Tliat it 
is not a property of the lymph used is 
shown by the fact that the same lymph 
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used by Levaditi to vaccinate 2,500,000 
individuals in Spain did not cause a 
single case, -whereas when used in Hol- 
land to vaccinate 40,000 persons it pro- 
duced 11 cases of postvaccinal encepha- 
litis. 

Age and Sex. The age distribution of 
the 45 cases is given in Table 2. It will 


Taiili: i 

1. — AtJE Di.stuihution or -15 
I’OSTVACCIN'AI. ENCErHAI-ITlS 

Cases < 

A (JO 

Number of Cases Percent of To; 

O-I 

0 

.0 

1-4 

a 

fi 7 

5-9 

3 

6.7 

10-14 

4 

8.0 

15-19 

2 

4.1 

20 and 

o\'er 33 

73.0 

'rotnl 

””45 

rooT” 


be noted that no cases occurred in the 
first year of life and that the cases in 
children under 15 years of age were 
about one-fifth of the total number. No 
conclusions can be drawn from these 
data since the age distribution of the 
individuals vaccinated is not known. 
There were many more adults than chil- 
dren. The number of infants vaccinated 
during the campaign was very small, 
since tlie vaccination of infants is a 
routine xirocedure in the city. In coun- 
tries where tlie incidence of xiostvac- 
cinal encephalitis is high, cases occur in 
infants, but in a much smaller ratio than 
in older children. In Holland, Basti- 
aanse-^ rexiorted age distribution of 
cases for the years 1924 to 1927. For 
the first year of life it was 4.5%. It was 
10% for the second year, 78% for the 
next four j^ears, 7% between the ages 
of 6 and 12 and only one-half of 1% 
after that. According to Bowei"’ tlie 
rate in Holland during the years 1924 
to 1934 was about one-sLxth as high in 
infants 1 and 2 years old as in the older 
age gi'oups. Scott’*' collected all cases 
of postv'accinal encephalitis in infants 
up to 1930. There were 41 cases in a 
total of 569 for all ages in Europe, or 
7.2%, whereas the average percentage 
of vaccinations in infancy was 34%. In 
general it appears from the literature 
that encephalitis occurs more common- 


ly in children between the ages of 3 
and 12. 

There were 25 men and 20 women 
in our 45 cases. Equal distribution in 
the sexes was also noted in Holland'* 
and Austria,*- but a higher attack rate 
in women occurred in England.*® For- 
ty-two of our cases were in whites, and 
3 in negi'oes. 

Symptoms. The incubation period 
varies, according to the reports in die 
literature, from 2 days to a month, \\ath 
an average of 10 to 12 days. Of the 
cases seen by us, 8 had an incubation 
period of 1 to 7 days; 25, 8 to 14 days; 
7, 15 to 21 days and 5, 16 to 28 days. 
The average incubation period was be- 
tween 10 to 12 days. 

Tlie clinical jiicture was variable. 
The onset, as a rule, was abnipt, with 
fever, headache, vomiting and changes 
in the mental state. In a few cases the 
initial sym^^toms were followed by a 
period of remission lasting 24 to 72 
hours, after which synixitoms continued 
to progress, somewhat like the “drome- 
dary” t)'pe of poliomyelitis. Tlie fever 
was usually slight in the milder cases 
and was accompanied by dizziness, ir- 
ritability, ataxia and jiersonalit}' 
changes. In the more severe cases, the 
fever was higher and the symptoms 
more severe. Disorientation, aphasia, 
ajiadiy and confusion were common. 
Very severe cases had hyperpyre.xia, in 
a few cases as high as 108° F., and de- 
lirium, con\Tilsions, stupor and coma. 
Most of the patients showed signs of 
nuchal rigidity wfith positive Keniig 
and Brudzinsld signs. Paralyses of tlie 
extremities were not unusual, and re- 
tention of urine was frequently met 
witli. Occasionally there was inconti- 
nence of urine or feces. A number of 
patients showed in\-ol\-enient of cranial 
neiA'es, particularh’ the facial. Changes 
in deeji and superficial refle.xes were 
noted; in some cases these were exag- 
gerated. in others, diminished or absent. 



568 


GREENBERG, APPELBATBI: POSTA'^ACCINAL ENCEPHALITIS 


The Babinski sign was occasionally pos- 
itive. 

The clinical course was usually short, 
recovery occurring in 1 or 2 weeks, and 
being complete. Relapses were ocea- 
sionally noted. What was striking to 
observe was that even patients with the 
most alarming symptoms at onset, such 
as hyperpyre.xia, convulsions and coma 
showed remarkable improvement vnth- 
in a period of 72 hours, and tlien rapid- 
ly progressed to complete recovery. 
Most of the cases were able to leave 
the hospital within 2 weeks. Of the 41 
that survived, 1 could not be located 
for follow-up, 38 made a complete re- 
covery, 1 had residual hemiparesis and 
1 residual optic neuritis half a year 
after onset. 

Spinal fluid e.\aminations were made 
at least once in all but 3 cases." Clear 
fluid under pressure was the common- 
est finding. In 16 cases the cell count 
was less than 10 per ml.; in the rest the 
count varied from 14 to several hun- 
dred with average of 100, lymphocytes 
predominating. The protein concentra- 
tion was under 35 mg. per ml. in 10 
cases and from 36 to 110 mg. per ml., 
witli an av'erage of 61 in 21 cases. If 
was not reported in the otliers. Sugar 
was normal in all. Cultures of the 
fluids were uniformly sterile. 

Mortality. A high mortality is re- 
ported both in England and Holland. 
The Andrewes Committee'® reported a 
fatality of 58% in England for the years 
1922-1924. For the j'cars 1927-1929 the 
Rolleston Committee' reported a fatal- 
ity of 47 % . In Holland the fatality was 
31% for all cases reported up to 1929. "* 
In Scotland, fatality rates differed in 
the same year for Glasgow' (29%) and 
life’’ (oOVr). The Office Internationale 
d’llygicnc Publiquc' reported 33% 
fatality for Gennany, 26%: for Austria, 
.53% for Xorsvay and 25% for Sweden, 
b) (he United States. .Armstrong' found 


a fatality of 37% in die 71 cases col- 
lected by him for the 10 year period 
1922-1932. In general, tire mortality ap- 
pears to var}' from 30 to 50%. This, of 
course, is a crude fatality rate. Most 
of the deaths were not autopsied, and 
if our experience is a guide, some of 
the deaths may be due to odier causes. 

Although Comby® was probably the 
first to report a case of encephalitis fol- 
lowing vaccination, Lucksch,'® in 1924, 
first called attention to the pathology of 
the disease. However, he confused it 
with epidemic encephalitis. Two years 
later, Turnbull and McIntosh'- pub- 
lished a careful histologic study of 7 
cases for the Committee on Vaccina- 
tion. Similar studies were reported 
later by Perdrau,"’ Wilson and Ford"^ 
Gordon® and otliers. Grossly, there is 
little to distinguish the brain and cord 
of a case of postvaccinal encephalitis 
from that of otiier types of encephalitis. 
Histologically, however, there are great 
differences. Tlie meningitis is of a mild 
character. Tlie distinctive lesions are 
in the brain and spinal cord witli areas 
of softening in which demyelination 
can be demonstrated. White and gray 
matter are both involved. In virus en- 
cephalitis, cuffing, and infiltration of 
die Virchow-Robins space frequendy 
occur, but in postvaccinal encephalitis, 
in addition to the cuffing, areas of soft- 
ening occur which extend some distance 
beyond the vessels and demyelination 
can be demonstrated in them. They are 
not associated with vascular thrombi. 
The same lesions appear in encepha- 
litis following smallpox, chickenpox and 
anti-rabie vaccination, and are similar 
to diose found in disseminated sclerosis. 

Tlie 4 deaths that occurred in the 
group of 45 cases here reported showed 
no such lesions at post mortem. In 
2 cases die only lesions were marked 
congestion of the brain.® In the other 
2, cuffing of the vessels in the brain and 


• SrctioTH t»f vrir of uin- Tjy Dr. 1’. Sacfftlotr, iiatholognt of thi* 

aod fo tho Danion af and Research of the N. Y. Slate Hcaltfi Department, 

of the oth*^ ca^e were by Dr. Chester palholoUMt of Ltnc-o!n IlfytpJtal, and 

kir^iiv examined ff’t t:t !iy Dr. 'OiOfii %t. Rt\rr« of tlie lIo^pit.ii of RoeVefeUer 



{JHEKNBEHG, APPELBAUi! : POSTVACCINAL ENCEPHALITIS 


569 


cord was demonstrated, but it did not 
extend beyond the \%chow - Robins 
space, and no demyelination was pres- 
ents 

Whether deaths may occur in post- 
vaccinal encephalitis witliout the oc- 
currence of typical lesions it is difficult 
to state. Dr. Rivers says that although 
he supposes that it could happen, he 
would be loath to make a diagnosis of 
post-infectious encephalitis unless a 
characteristic picture were present, 
since in frank cases of postvaccinal en- 
cephalitis that die very early after the 
appearance of symptoms and signs, de- 
myelination is usually present.^® Al- 
though we have ascril3ed tiie 4 deatlis 
in our series to postvaccinal encephali- 
tis, definite proof on the basis of ac- 
cepted pathological changes is lacking. 

Etiology. Attempts to recover virus 
from the brains of 3 cases that were 
autopsied were unsuccessful. Herzberg- 
Kremmer and Herzberg’® recovered 
vaccinia ^'irus from the blood of 8 out 
of 17 vaccinated persons from the third 
to the tenth day after vaccination. They 
recovered virus from tlie tonsils of 2 
cases on the 12th and 15th day, and 
quote Gins who recovered virus from 
die tonsils 3 to 6 days after ^'accina- 
tion. They also found ifrus in die 
spinal fluid and in die jiharyngeal secre- 
tions of a case of posh'accinal encepha- 
lids on the 12th day after vaccination. 
Ohtawara^* recovered ^'accine ^frus 
from the blood of his own child on die 
7di day after vaccination. BlaxalR® ob- 
tained N’accine \'irus from the brains of 
3 fatal cases, and Tunibuli and Mc- 
Intosh-- from 2 fatal cases. BlaxalP® 
states that I’accine \frus was found in 
the brains, liver and blood of calves 
which had been vaccinated, up to the 

t Wc nrc indebted to Dr. 11. Aronoff, ii.illioloEi't 
Chief Metlie.il Ex.-nniner, for jnittiiiK at oiir disiws.al 
lliverx for rxaminiiiE tlie histoloEie si-ctions. 


13th day, in rabbits up to tiie 10th day 
and in monkeys up to the 8di day. Ac- 
cording to Ohtawara^^ vaccine virus 
enters the blood stream on the day after 
vaccination and is recovered in rabbits 
up to the lOdi day. 

It is obvious, from die reports quoted, 
that vaccine virus regularly enters the 
blood stream soon after vaccination; its 
presence in die brain in cases of post- 
vaccinal encephalitis is therefore no 
proof that the virus is responsible for 
the pathological changes. A number of 
investigators have been unable to re- 
produce lesions of posh'accinal ence- 
phahtis in animals by injection of vac- 
cine virus, although others have been 
successful.-'^ Many dieories have been 
offered to explain die etiology of the 
disease, but none has been proved. 

Treatment. No specific therapy was 
used in any of our xiatients. Recovery 
appears to be complete in most cases, 
wherever they occur, irrespective of die 
therapy used. Treatment widi convales- 
cent serum was suggested by the Rol- 
leston Committee and has been advised 
by several audiors, but no one has used 
it in a series of cases with adequate con- 
trols to make significant an expression 
of opinion of its value. 

Summary. 1. Forty-five cases of en- 
cephalitis occiured in New York Cit)' 
in 1947 following the vaccination of 
about 5,000,000 people, a case incidence 
of approximately 1 to 110,000 vaccina- 
tions. 

2. There were 4 deaths. However, 
none of them showed post mortem le- 
sions in the brain characteristic of post- 
vaccinal encephalitis. 

3. The age distribution, padiology 
and etiolog)’ of the disease are dis- 
cussed. 

)f Grccnixjint Hospit.il. and to Dr. Tlioinax Gonziilez. 
tissoex from brain .and cord, and to Dr. Thomas .\I. 
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Scleroderma is a systemic disease tain internal organs have been affected, 
which affects not only the skin and sub- There are 3 types of scleroderma: 
cutaneous tissues but many internal diffuse scleroderma, acrosclerosis and 
organs. The exact extent of the vis- circumscribed scleroderma (morphea), 
ceral involvement is not known, but it This review is concerned only with tlie 
is a well-established fact that the gas- first 2 types. Acrosclerosis is a combi- 
tro-intestinal tract, the lungs, the heart nation of Raynaud’s phenomenon and 
and the kidneys are affected at times, scleroderma which starts almost invari- 
It seems probable that further studie.s ably in the extremities and later in- 
will reveal that the connective tissue of volves the face and neck. In most in- 
almost an)' part or organ of the body stances the Raynaud’s phenomenon 
will at times show evidence of in- precedes the cutaneous sclerosis. Dif- 
volvement by scleroderma. The wide- fuse scleroderma develops insidiously 
spread character of this disease is as a rule and may begin about tlie ex- 
shown by the fact that even the perio- tremities, the neck, face or trunk. In 
dontal membrane of the teeth is in- most instances this type is not accom- 
volved in many cases. Only in recent panied by Raynaud’s phenomenon, 
years haA'e postmortem examinations The progression of the disease is usu- 
given detailed descriptions of the ally more rapid in diffuse scleroderma 
pathologic findings in patients with than in acrosclerosis, and the progno- 
sclerodcrma who have died. Greater sis is considered worse in diffuse sclero- 
familiarilv with the various pathologic derma. \'isceral involvement is seen 
manifestations of sclerodenna mtH cer- most frequently in acrosclerosis, al- 
tainlv lead to a better understanding tliough it is reported occasionally in 
of the extent and character of this dis- patients who ha\-e diffuse scleroderma, 
ease. The recent interest in the \'isceral The fundamental disturbance in 
involvement by scleroderma has been sclerodenna seems to be an abnormal 
stimulated to a considerable extent by change in the collagen. At first there 
the roentgenologic evidence that cer- is edema of the connective tissue and 

■ (n71) 
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infiltration by lymphocytes and mono- 
nuclear leukoc^'tes. As the lesions pro- 
gress, the edema and cellular infiltra- 
tion disappear, and the disturbance of 
the colloidal collagen predominates. 
The collagen fibers become enormously 
thickened, and new ones are formed. 
Along with this there are degeneration 
and tragmentation of the elastic fibers 
and of the muscle. Tliis proliferation 
and alteration of the collagen fibers 
accounts for the induration of the tis- 
sue. Raynaud’s phenomenon often ac- 
companies acrosclerosis. There may be 
a direct relationship between the two 
conditions, but since tlie pathogenesis 
of neither is well understood, tlie sig- 
nificance of this association cannot be 
appraised as yet. Vascular lesions, 
principally marked intimal thickening, 
are sometimes seen in organs affected 
by scleroderma, but this is not a con- 
sistent finding and there is good evi- 
dence to indicate tliat the lesions of 
scleroderma are not secondar)' to the 
changes in the arteries. This will be 
discussed later when the pathologic 
changes seen in the gastro-intestinal 
tract, the heart and the lungs are de- 
scribed. 

Gastro-intestinal Tract. Esophagus. 
Ehrmann,'' in 1903, was the first to de- 
tect visceral involvement by sclero- 
derma. This was observed in a patient 
who liad scleroderma and in whom 
dysphagia developed. Vdien esopha- 
goscopy was performed, it was noted 
that there were changes in the wall of 
the esophagus. In 1931, Rake-" re- 
ported a case of scleroderma in which 
there was roentgenologic evidence of 
involvement of the esophagus, along 
with other visceral manifestations that 
will be described later. Constriction of 
the lower part of the esophagus had 
been obscr\cd roentgenologicallv. .^t 
necropsy there was dilatation of the 
esophagus without anv narrowing of 
the esophagogastric juncture being 
found. Tlie mucosa of the lower three 
fifths of the esophagus was lacking. 


Since this description was given by 
Rake, various observers have noted 
roentgenologic evidence of esophageal 
involvement by scleroderma. In many 
instances the cases are merely reported 
as showing constriction of the lower 
part of tlie esophagus with perhaps 
some dilatation. Fessler and Pohl‘, 
Kure^^ and his associates, and Weis- 
senbach-^ and his associates gave more 
complete descriptions of the roentgeno- 
logic manifestations of scleroderma of 
the esophagus. They obseri'ed that 
there was a diffuse dilatation of tlie 
esophagus and that the barium mixture 
was carried through the esophagus 
very slowly, espeeially when the pa- 
tient was recumbent. They further 
noted tliat tliere was absence of tlie 
normal peristaltic movements, that 
there was gaping of the esophagus 
and that there was a tendency for the 
barium to adhere to the walls of the 
esophagus. Weissenbach and his asso- 
ciates and Fessler and Pohl also de- 
scribed constriction at the lower end of 
the esophagus. 

In 1944 Hale and Schatzki'^ gave an 
e.\cellent description of the roentgeno- 
logic appearance of the gastro-intesti- 
nal tract in scleroderma. They' reported 
not only on the changes seen in the 
esophagus but also on those seen in the 
stomach, small intestine and colon. Of 
22 patients who had scleroderma, 7 had 
dy'sphagia and 5 of these showed 
roentgenologic evidence of esophageal 
changes. Of those without sy'mptoms, 
S also showed esophageal changes sug- 
gestive of scleroderma. The extent of 
invoK’ement of the skin had no corre- 
lation with the extent of the esophageal 
changes. Tlie changes that Hale and 
Schatzki obsened in their cases in 
which scleroderma of the esophagus 
was present were as follows: 

1. The time of transit of the barium 
mixture through the esophagus was 
prolonged. 

2. In some cases, the lower part of 
the esophagus seemed narrow and gave 
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the impression of resisting dilatation, 
although the walls did not seem rigid. 
Above the narrow segment the esopha- 
gus seemed somewhat dilated. 

3. Tliere was a tendency for the 
esophagus to stay open after the bolus 
of barium had passed, and the esopha- 
gus then seemed to contain air. Barium 
had a tendency to remain adherent to 
the wall of the esophagus. 

4. There was loss of peristalsis, and 
gravity was the force which emptied 
the esophagus. This, of course, became 
obvious only when the patient was in 
the horizontal position. 

5. There was sometimes a slight re- 
semblance to cardiospasm, but there 
never was complete obstruction such 
as occurs in cardiospasm. Also the nai’- 
rowing was not limited to the esoph- 
ago-gastric juncture but affected the 
lower one half or one third of the 
esophagus. There was never great dila- 
tation such as is seen frequently in 
cardiospasm, 

Lindsay, Templeton and Rothman'"* 
observed 5 cases with esophageal 
changes, and their findings were similar 
to those of Hale and Schatzki". Three 
of their patients had .strictures of the 
esophageal ampulla. All had disturb- 
ances of peristalsis. Jn 4 cases the 
primal")' peristaltic wave disappeared at 
the level of the suprasternal notch. In 
the other case die primar)' wa^'c con- 
tinued but was too weak to jiropel die 
bolus of barium. The esophagus did 
not contract after the wa\'e but dis- 
tended immediatelv, so that the barium 
regurgitated upward past the wa\'c. Air 
remained in the esophagus when the 
patient was in the horizontal position, 
and when the patient sat up the esoph- 
ageal walls did not collapse normally. 
Continued swallowing of barium while 
the patient was in the recumbent posi- 
tion would cause the barium mixture to 
be pushed into the stomach: otherwise 
the barium would merely remain 
pooled in the esophagus for a pro- 
longed period. When the patients were 


lying down or in die Trendelenburg 
position, die barium mixture would 
liow into the upper part of the esopha- 
gus, behavior wliich is abnormal. 

Olsen, O’Leary and Kirklin'® report- 
ed 15 cases in which there was roent- 
genologic ei'idence of involvement of 
the esophagus by scleroderma. In 6 
cases there was esophageal dilatation 
with atony of die esophageal muscula- 
ture. Peristalsis was decreased or 
absent. In 4 cases there was some 
obstruction at the esophago-gastric junc- 
ture. In 9 cases esophageal hiatal her- 
nias were seen. In 2 cases of tiiis group 
there was also esophageal dilatation re- 
sembling cardiospasm. In 6 of the cases 
with diaphragmatic heniia, the hernia 
was of the short esophagus type with 
narrowing of die lower part of die 
esophagus and stricture at the esoph- 
ago-gastric juncture. Olsen and his as- 
sociates hai'e given dieir concept of die 
manner in which scleroderma affects 
the esophagus and the way in which it 
progresses, and this seems most logical. 
When scleroderma affects the esoph- 
agus, the latter becomes stiff and in- 
durated and loses normal peristaltic 
movement. In early cases there will be 
seen some lagging of barium mixture 
at the esophago-gastric juncture be- 
cause the peristalsis is not suflBciendy 
strong to inhibit the cardiac sphincter 
as it normally does. As tiie esophagus 
becomes stiffer, it remains gaping and 
does not collapse when empt)'. Ulti- 
mately this leads to a patulous esoph- 
ago-gastric juncture, and gastric secre- 
tions may dien flow from the stomach 
into the lower part of the esophagus, 
especially when the patient is recum- 
bent. This, of course, leads to marked 
inflammation of the lower part of die 
esophagus. This portion of the esoph- 
agus becomes narrowed as the result 
of spasm and inflammatori' cicatricial 
changes, and there is often a definite 
stricture at the lower end. The changes 
that affect the esophagus not onlv 
cause it to be narrowed but often mav 
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cause it to be shortened. Thus esoph- 
ageal liiatal hernias of die short esoph- 
agus type may be seen. 

Ihe esophagoscopic examination of 
patients who ha^'e scleroderma can be 
done only with considerable difficulty, 
but in some instances this has been 
done. By this method of examination, 
Elirmann noted diickening of the 
esopliageal wall, and Schwarz-- found 
esophagitis. In 3 cases Lindsay and his 
associates observed that the wall of the 
lower half of the esophagus was dif- 
fusely reddened and apparently thick- 
ened, witli a lessened tendency to form 
normal folds. In the lower third there 
was a diffuse layer of white exudate 
which could be easily separated, leav- 
ing a granulating base. In 1 case they 
saw a smooth scar-tissue constriction 
which would not allow tlie passage of 
the csophagoscope. There was super- 
ficial ulceration in the region of the 
stricture. In 2 other cases the fibrous 
constriction was not so dense and the 
mucosa showed no exudate or erosion 
below the constriction, but at the con- 
striction there was exudation and su- 
perficial ulceration. These observers 
stated that they consider the mucosal 
changes to be the result of chronic in- 
flammation due to retention and peptic 
esophagitis secondar)’ to regurgitation. 
Goetz'’, also, described the lower third 
of the esophagus as being red and 
bleeding easily. Olsen and his associ- 
ates described tlie e.sophagoscopic find- 
ings in 8 cases. In 5 of these they found 
esophageal hiatal hcniias. Two of these 
had strictures at the csophago-gastric 
juncture, and the esophagus was ab- 
normally short. Two others with dia- 
phragmatic hernia were seen to have 
ulceration at the csophago-gastric junc- 
ture. Of those without diaphragmatic 
heniin. 1 had severe atrophic esoph- 
agitis and tlie esophagus was- dilated 
without any stricture being apparent. 
.Another showed ses'cre induration and 
thickening of the esophageal wall. One 
nth'-r case showed irn'iiitual ehang*‘s. 


the mucosa behig pale and smootli but 
otherwise normal. 

Ihe pathologic changes in the esoph- 
agus that have been seen at necropsy 
have varied considerably, as one would 
expect. Rake-” found dilatation of the 
esophagus, clu-onic ulcerative esoph- 
agitis being present. The mucosa of 
the lou’er three fifths of the esojibagus 
was lacking. No constriction was pres- 
ent at the lower end of the esophagus. 
Auerbach’s plexus appeared normal. 
Dowling'! reported a case in which 
there appeared to be obstruction at the 
junclure of the middle and the lower 
third of tlie esophagus, but tliis was not 
confirmed at postmortem e.\amination. 
Bsi ans’ found that in 1 of her 2 cases 
the esophageal mucosa was replaced 
bv fibrinoid material, the subiftucosa 
was sclerotic, and the muscular layers 
were atrophic and extremely fibrosed. 
Goetz also found extensive pathologic 
changes in the esophagus, including 
erosion of the mucosa, thickened sub- 
mucosa, hypertrophy of tlie muscularis 
mucosae and atrophy of the muscular 
coats. There was leukoplakia of the 
lower part of the esophagus with some 
calcification in the connective tissue in 
1 case. Goetz described changes in the 
myenteric plexus which led him to 
postulate that spasm may be the initial 
process and that neuro-muscular dys- 
function leads to secondary ulceration. 

.Many of tlie changes in the esoph- 
agus that have been described by vari- 
ous observers are undoubtedly the re- 
sult of chronic inflammation, and it is 
difficult in many' instances to distin- 
guish the alterations due to infection 
from those caused primarily’ by sclero- 
derma. It seems onlv too likely that 
minimal changes due to scleroderma 
it-Self wiiv be comnletely obscured by 
chronic infection. It may also he true 
that carlv patliologic manifestations of 
scleroderma, such as edema of the ti.s- 
coes. would he corisfderahlv altered Iw 
the fixation of this tissue and would 
not be recognized or would be consid- 
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ered within normal limits by the patli- 
ologist. It might also be that a slight 
increase of collagen fibers would not 
be very conspicuous and would be 
taken by the general pathologist to be 
within the limits of normal. Abnormal- 
ity in the myenteric plexus lias not 
been a very constant finding in the 
cases reported; it seems to me that a 
neuromuscular disturbance with asso- 
ciated spasm is not a probable initial 
phase of scleroderma of the esophagus. 
It seems likely that the earliest path- 
ologic changes that occur may be ear- 
lier recognized when they cause dis- 
turbance of function which can be seen 
roentgenologically, then when searched 
after by means of the microscope after 
the tissue has been fixed. Certainly at 
times scleroderma must be difficult to 
identify by pathologists, since visceral 
scleroderma was detected only rela- 
tively recently. 

Scleroderma of the stomach, small 
intestine and colon has been reported 
much less frequently than esophageal 
involvement. Rake in 1931 observed a 
case in which not only was the esoph- 
agus affected but in which he obsen'ed 
roentgenologic evidence of obstruction 
at the pylorus and dilatation of the 
small and large bowel. Schatzki-h and 
Hale and Schatzki found the following 
alterations in the gastro-intestinal tract 
below the esophagus as seen by roent- 
genologic observations: 

Siomaclu Delayed emptying may be 
of considerable duration. This is diffi- 
cult to judge in comparison witli tlie 
normal. 

Small Intcslinc. 1. There was widen- 
ing of the small bowel, c.specially the 
vipper part, including the duodenum. 
This extended to the ileum in onlv 1 
case. 

2. Marked delay of the passage of 
barium through the small bowel was 
conspicuous. 

3. In 2 cases a peculiar sacculation 
along the mesenteric border of the 


small intestine was noted and in 1 case 
this was confirmed at operation. 

Colon. Multiple short segments of 
localized narrowing were seen through- 
out the colon. There was sacculation 
of the bowel between the affected seg- 
ments. 

Bevans reported roentgenologic evi- 
dence of obstruction and disturbance 
in the mucosal pattern in the small in- 
testine. Examination of the colon indi- 
cated irregular muscular contraction 
and diHiise dilatation. Goetz, and 
Goetz and Cole-Rous"* have given a 
detailed description of the roentgeno- 
logic manifestations of scleroderma of 
the stomach and intestines. The stom- 
ach mav be atonic and retain barium 
for a long period. The most striking 
change was the paralysis or lack of 
peristalsis particularly affecting the 
duodenum and the jejunum. There was 
localized dilatation of loops of small 
intestine, and the barium column broke 
up into segments. There was marked 
retention in the duodenum. The small 
intestine was, at times, found to be 
generally dilated, suggesting paralytic 
ileus. The colon showed narrowing, 
rigidity and sacculation. Pugh, Kvale 
and Margulies’” found peristalsis in the 
small intestine to be definitely sluggish, 
and segments were seen to remain 
without normal contractibility for a 
considerable period before ineffective 
peristalsis would begin again. The rela- 
tive lack of contractibility was seen not 
only in the duodenum but also in the 
terminal portion of the ileum. 

Rake described the pathologic 
changes in his case as consisting of dila- 
tation of both the large and tlie small 
intestine without anv evident hyper- 
trophy. There was no mechanical ob- 
struction to account for the dilatation. 
Bevans noted markedl}' increased fib- 
rosis, atrophy of the inusculature, \as- 
cular lesions and edema of the intes- 
tines. In Goetzs cases the following 
pathologic changes were obser\-ed: ( 1) 
marked atropln^of the intestinal wall: 
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(2) fibrous replacement of muscle fib- 
ers with occasional lymphocytic and 
plasma-cell infiltration; (b) prominence 
of the neuromuscular apparatus. The 
latter change was accompanied by a 
conspicuous lack of ganglion cells and 
fibrosis in some cases. Goetz’s descrip- 
tion is ^’erJ' complete and warrants 
careful study by those interested in 
this subject. Schatzki described the 
pathologic findings in a segment of 
resected small intestine which appeared 
to be affected. There was only slight 
thickening of the intestinal wall witli 
edema and hypertrophy of the sub- 
mucosa and of the interstitial tissue of 
the mesentery. Later, at necropsy, no 
characteristic histopathologic changes 
U'Cre found in the abdominal viscera. 

Lungs. In 1941 Murphy, Krainin and 
Gerson^' first described the roentgeno- 
logic manifestations of scleroderma of 
the lungs. In this case tliey noted tliat 
“\rithin both pulmonaty fields, e,\clu- 
si\’e of the apices and tlie lateral aspect 
of the bases, there was a diffuse net- 
work-like shadow e.xtending from the 
cardiac border to the peripher}'. Tliis 
shadow was dense in the lower hah'es 
of the lung fields but thinned out and 
became strandlike in the subclavicular 
regions.” Bronchograms were negative. 
Since the report of Muqrhy and his as- 
sociates, there have been other ob- 
ser\ers who have found definite 
roentgenologic evidences of pulmonar)’ 
scleroderma. In the same year, Li- 
nenthal and Talkov’’’ reported 3 cases 
of Raynaud’s phenomenon with pul- 
monar}- fibrosis. In each of these cases 
acroscierosis was present. In the cases 
of scleroderma of the heart reported bv 
W Tiss and his associates there was in- 
creased pulmonan.’ fiI)rosis, especially 
in the base, and this was confirmed at 
necropsy. .Abnormal pulmonary changes 
were obsersed by Goetz, there being 
relative density in the bases and apical 
emphysema. 

In reporting a case of scleroderma 
with visct'r.il involvement, Pugh, Kvale 


and Margulies made the following ob- 
servations; “The pulmonary im'olve- 
ment by scleroderma,, as shosvn by tlie 
roentgenogram, manifests itself as dif- 
fuse pulmonary fibrosis which is usual- 
ly more conspicuous in the lower 
portions of the lung. The roentgeno- 
logic manifestations of many pulmo- 
nary diseases can be described only 
with difficulty. This is especially true 
noth regard to various types of pul- 
monary fibrosis. The pulmonary lesions 
of scleroderma seem to have a rather 
distinctive roentgenographic appear- 
ance but this defies adequate descrip- 
tion.” This opinion was based, not only 
on tlie 1 case reported, but also on 
several other cases with pulmonary in- 
volvement that had been seen. After 
seeing several additional cases since 
then, I am more convinced than ever 
tlrat in many cases tlie roentgenologic 
diagnosis of pulmonaty scleroderma 
can be made without knowledge of 
clinical data. 

Notthafft, Matsui and Kraus are 
quoted by Murphy’" and his associates 
as having found pulmonaty changes at 
necropsy in patients who had died of 
scleroderma. Weiss and his associates 
demonstrated increased fibrosis of the 
lungs at necropsy. This increase was in 
collagen fibers. In 1 of their 2 cases 
in which necrop.sy was performed there 
was marked intimal thickening of the 
pulmonar}' arteries, but the other case 
did not show this change. Thickened 
alveolar septa and vascular lesions 
were found in the lungs by Goetz. Pnl- 
monarv fibrosis, which was mostly peri- 
bronchial and perivascular and wliich 
was accompanied b}' marked vascular 
changes, was the finding in Bevans’ 
cases. The most thorough study of the 
pulmonar}’ changes in scleroderma has 
been made by Getzewa.** Her descrip- 
tion was in great detail, and it is not 
possible to give, at this time, an ade- 
quate resume of her findings. Briefly 
it may be staled that she found that 
the alveolar walls contained collagen 
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libers, which replaced the elastic tissue 
that is normally present. In some 
places, especially at the periphery, the 
alveolar walls disintegrated to a con- 
siderable extent, and there resulted an 
emphysematous or cystic-appearing 
condition. These cystic regions were 
sometimes large enough to compress 
the adjacent lung tissue. The cysts 
wore usually epithelized. In other re- 
gions, especially the bases, the fibrosis 
led, not to cystic changes, but to com- 
pression and obliteration of the alveoli. 
Dostrovsky- examined 3 cases witlr 
pulmonary fibrosis, in 2 of which nec- 
ropsy was performed. His patliologist 
reported that in the lungs there was 
alveolar distention, occasionally as- 
suming cystic dimensions in the cortical 
and subcortical regions of tlie upper 
portions of the lungs, with atelectasis 
at the bases. 

Heart, Scleroderma of tlie heart was 
not recognized until 1943, when Weiss-^ 
and his associates studied 9 patients 
with generalized scleroderma n'ho bad 
symptoms and signs of heart disease. 
The roentgenologic findings in these 
cases were in no way diagnostic of 
scleroderma but were suggestive. All of 
the patients -had cardiac enlargement, 
varying from moderate to a marked 
degree. The cardiac silhouette was tri- 
angular. In most cases tlie heart beat 
was of poor amplitude as was shown 
by roentgenoscopic examination. Tliere 
was nothing roentgenologically to sug- 
gest hypertensh'e or i-alvular heart 
disease. Calcification of tlie valves 
could not be detected. The left \'en- 
tricle was not predominantly enlarged, 
and the left atrium was not unduly 
prominent. Weiss and his associates 
stated that the triangular cardiac con- 
tour and the weak pulsation of the 
heart somewhat suggested m^^xedema 
heart or pericardivil effusion. 

The electrocardiograms in the S cases 
so examined showed auricular fibrilla- 
tion (1); premature ventricular beats 
(3); partial hc.art block (2); intra- 


ventricular block and later bundle- 
branch block (i); left axis deviation, 
otlierwise within normal limits (2), 
and abnormally low electromotive 
force (3). 

Weiss and his associates described 
the pathologic changes found in the 
hearts of 2 of the patients who died. 
In both cases there were unusual re- 
gions of fibrosis in the myocardium. 
These scars had certain resemblances 
to those due to vascular changes but 
were unlike such vascular lesions in 
the following ways; (1) the lesions in 
the myocaraium in the patients who 
had scleroderma were not in any partic- 
ular relation to arteries, these struc- 
tures being indifferently included in 
the scars or not; (2) tlie vessels were 
normal or showed minor intimal tliick- 
ening without tlirombosis or significant 
diminution of the caliber of the lumen; 
(3) the deposits of hemosiderin often 
seen in regions of myocardial scarring 
due to vascular lesions were entirely 
absent; (4) witliin the scars the myo- 
cardial fibers were preserved in small 
numbers even in the center of tlie 
lesions. This was true also of fat cells 
and blood vessels. Weiss and his as- 
sociates stated that in their opinion 
the lesions consisted of a primar)^ over- 
growth of fibrous tissue with secondary 
destruction of other myocardial struc- 
tures. 

On reviewing Rake’s case, I find that 
he observed scars in tlie myocardium 
but made no further mention of it 
Without much doubt his patient had 
scleroderma of the heart. 

Goetz has also found patients witli 
sclerodenna of the heart Cardiac in- 
\'oh'ement was diagnosed on the basis 
of ki'inographic examinations which 
showed marked blunting of cardiac ex- 
cursions. In 1 case hardly any e.xcur- 
sions were noted. In most cases the 
heart was small and the contour was 
normal. The blunting was found in 4 
cases, and in 3 cases in which necropsy 
was performed the lesions were found. 
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One patient with cardiac lesions had a 
normal electrocardiogram. In otlier 
cases the electrocardiogram was ab- 
normal, ranging from bundle-branch 
block to auncular fibrillation. In 1 pa- 
tient all heart beats w'ere e-xirasystoles, 
w’hich originated from 8 different foci. 
Goetz found pathologic changes in the 
hearts of 3 patients wiiich were identi- 
cal with those described by Weiss and 
liis associates. He stated tliat dyspnea, 
cyanosis and orthopnea, wiiich occur 
in patients with scleroderma, may be 
due to (1) vascular changes in the 
lungs, (2) thickened alveolar septa, 
(3) emphysema, (4) rigidit)' of the 
thorax, or (5) myocardial fibrosis. 

Bevans found myocardial changes 
similar to those described by Weiss and 
his associates. She also described vas- 
cular lesions invohing especially the 
medium-sized and small-sized arteries 
of tlie myocardium. 

Pugh, Kvale and Margulies reported 
a case with extensive visceral sclero- 
derma in wiiich dyspnea and electro- 
cardiographic changes suggestive of 
scleroderma were present. There were 
an abnormally low electromotive force 
and left axis deviation. Mathisen and 
Palmer’*’’ have reported the finding of 
typical pathologic changes in the heart 
of a patient with scleroderma wiio died. 

The pathologic changes found in the 
heart seem to be quite consistent in 
character. The nature of the cardiac 
lesions as described by Weiss and his 
ass(x;iatcs, Goetz and Bevans seems to 
suggest verv’ strongly that visceral in- 
volvement by scleroderma is primarily 
a condition in which there is prolifera- 
tion of the collagen fibers, and it is not 
likely that this proliferation of fibrous 
tissue is secondary to vascular changes 
or to some disturbance of the autono- 
mic nervous system. 

Dental Findings. In 1914 Stafne and 
.\ustin-’ reported dental roentgeno- 
graphic findings wiiich are jif'culiar to 
p.itients with scleroderm.^. Tliis con- 
sists of an increase in the width of the 


periodontal space. Not all of the teeth 
intiy be attected, and the posterior 
toevxi are ms'oh’ecl more frequently 
than the anterior teeth. On die in- 
%'olved teeth the space w'hich has been 
created surrounds the entire root of 
the tooth and is almost uniform in 
w'idth. Ihe uniformit)' of the xvidth of 
the periodontal space as it is seen in 
scleroderma can be distinguished from 
that due to acute pericemental inflam- 
mation, pyorrhea alveolaris or trauma- 
tic occlusion, since in these latter con- 
ditions there is no such uniformity. 
'1 he roentgenographic appearance in 
scleroderma is similar to that of teeth 
rapidly extruding from their alveolai 
sockets, but on clinical examination it 
wall be found that the teeth are not ex- 
truded, for on closure these teetli are 
obsers’ed to be on the same plane of 
occlusion as the teetli which are not in- 
voh’ed. The teeth are surprisingly firm 
in their sockets. In 1 case, 2 teeth were 
extracted and it w’as found that the 
periodontal membrane was from hvo 
to four times as thick as the normal. 
The arrangement of the collagen fibers 
of the periodontal membrane w'as 
definitely abnormal. The wnlls of the 
blood vessels in the periodontal mem- 
brane w'ere thickened. A rewew’ of the 
dental roentgenograms of 127 patients 
wntli scleroderma revealed that 9 (7^) 
of the patients had the characteristic 
findings. A tentative diagnosis of sclero- 
derma W'as made in 4 cases entirely 
on the basis of the dental roentgeno- 
graphic findings and without knowl- 
edge of clinical data; in each instance 
the diagnosis was confirmed clinically. 

Absomtion of Phalanges and Calci- 
nosis. For many years it has been 
known that in far-advanced cases of 
scleroderma, especially in the acroscle- 
rotic type, there is absorption of the 
distal phalanges. It is not know'n just 
why this occurs. It may be the result of 
circulators' disturbance due to Ray- 
naud’s phenomenon, or it may result 
from the constricting effect of the 
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cutaneous sclerosis. Accompanying this 
there is at times an increased density 
of the bone of the phalanges. Synosteo- 
sis between the distal and the middle 
phalanges may be seen. Calcinosis is 
tound fairly frequently and often ac- 
companies the absorption of the distal 
phalanges. The calciHc deposits vary in 
size from minute sandlike particles to 
large plaques. Most frequently the de- 
posits of calcium are seen in parts of 
the body subject to pressure, such as 
the finger tips, elbows and ischial 
tuberosities. There may be hard 
plaques of ealcium that can be pal- 
pated, and fairly frequently there is 
ulceration over the calcific deposits. As 
a rule calcinosis is seen only where 
there is cutaneous sclerosis, but rarely 
it has been seen where the overlying 
skin is normal. The exact cause for 
calcinosis in these cases is not known, 
but it is probable that it results from 
abnormal tissue metabolism. Durham'* 
and Jackman*- have suggested that in 
scleroderma the devitalized tissues 
have an abnormally low carbon dioxide 
tension with a resulting trend toward 
alkalinity and that this leads to pre- 
cipitation of calcium. 

Generalized Involvement. There have 
been some rejjorts of ^'ery extensive 
cutaneous and visceral involvement 


with scleroderma. In Rake’s case there 
were absorption of the distal phalanges, 
involvement of the entire gastroin- 
testinal tract and probable involvement 
of the lungs and heart. Hale and Schat- 
zki described the changes as seen af- 
fecting all the gastro-intestinal tract. 
Weiss and his associates reported cases 
with scleroderma of tlie heart in which 
there was also esophageal and pul- 
monary involvement. Goetz reported in 
detail on a patient who had calcinosis, 
erosion of the distal phalanges and in- 
volvement of the entire alimentary 
tract, heart and lungs, and he had other 
patients similarly affected, Pugh and 
his associates described a case with 
roentgenologic manifestations of sclero- 
derma affecting tlie lungs and the en- 
tire gastro-intestinal tract and with 
probable cardiac involvement. 

Conclusions. In patients with sclero- 
derma, especially the type called acro- 
sclerosis, visceral invoh'ement occurs 
fairly frequently. The roentgenologic 
diagnosis of such involvement has been 
made and has been confirmed by 
patliologic findings. The possibility of 
visceral involvement should be sus- 
pected in cases with scleroderma, and 
roentgenologic investigations should be 
carried out. 
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The problem of the leukemias is one 
of the most challenging in the field of 
medicine. Considerable advance has 
been made in diagnostic tecliniques 
which allows tlie positive recognition of 
these diseases, and this undoubtedly is a 
factor in the apparent increase in their 
occurrence.'^ However, knowledge of 
the fundamental pathologic physiology 
concerned is relatii'ely meager. Tliere 
is now a voluminous literature on the 
study of leukemia in mice, which ani- 
mals may be inbred to perpetuate 
strains with a ver)' high natural inci- 
dence of the disease. The results of this 
sxperiinental work have increased our 
knowledge of important aspects of leu- 
kemia, especially in regard to the 
effectiveness of therapeutic agents. Be- 
cause it is the consensus that the leu- 
kemias of mouse and man are similar,”’’ 
the results of these experiments serve 
as guides to the study of the treatment 
of humans. A resume of the effective- 
ness of therapeutic agents against 
mouse and human leukemia was pub- 
lished by FIor\’ in 1944.-’ 

The therapeutic agents used in hu- 
man leukemia are, at most, palliative 
in their effect, and it cannot be stated 
with certaintv that the use of anv one 


of them prolongs the life of the patient. 
That the patient may be made more 
comfortable by treatment, however, 
cannot be denied, and at present one 
must be satisfied if this can be ac- 
complished. Before attempting to evalu- 
ate the effectiveness of some of the 
agents in present use it will not be 
amiss to remark on the natural course 
of the disease as we know it. Because 
leukemia, acute or chronic, not uncom- 
monly undergoes spontaneous remis- 
sions it is dangerous to conclude from 
a small series of cases that the agent 
used is responsible for any improve- 
ment. This is particularly true if tlie 
patients are followed for only a short 
period after the tlierapeiitic trial. A 
timely reminder of the frequency of 
spontaneous remissions and of the cau- 
tion required in tlie evaluation of tlier- 
apeutic results in acute leukemia has 
recently appeared.’^ It should be men- 
tioned that occasionally patients with 
chronic myelogenous leukemia may 
live 10 )'ears, and rarely longer, al- 
though the average life span is a little 
over 3 years. More important, however, 
is it to recognize tlie relatively “benign” 
course tliat chronic l\Tnpbogenous leu- 
kemia not infrequently pursues in older 
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patients. In these fortunate ones there 
are usually no signs or marked symp- 
toms of tlie disease, and there is usually 
no anemia. The white blood count, 
however, varies usually between 30,000 
and 100,000 per mm.^ wdth a high (60% 
to 80%) lymphocyte count. Tliis situa- 
tion may exist for years wthout treat- 
ment. Because the age of patients is 
often not given in a report, the true ef- 
fectiveness of a therapeutic agent may 
be masked by the inclusion of an un- 
known number of older patients whose 
disease may progress relatively slowly. 
The report of Hamann®^ comments on 
precisely this point. Eight of her 51 pa- 
tients witli chronic lymphogenous leu- 
kemia treated with external irradiation 
lived more than 5 years; of tliese, 7 
were above the age of '50 at the time 
of onset of their disease. This is im- 
portant to know in evaluating the ef- 
fect of the treatment on longevit)'. 
Another ^'ariable which often makes it 
difficult to compare the relative ef- 
fectiveness of 2 forms of treatment is 
the length of time from the onset of the 
disease to the institution of tlierapy. 
From even a brief consideration of the 
natural variabilitj' of these diseases it 
becomes evident that only a statistical 
analysis of relatively large numbers of 
patients with attention to the factors 
noted above can give any suggestion 
as to the effectiveness of any therapy 
on longevity. It is not uncommon to 
see treatment improve the patient’s 
blood count and s\Tnptoms, but have 
little apparent effect on the course of 
the disease. 

.\ few generali7Ations conceniing 
therapy may be mentioned before con- 
sidering the various treatments in de- 
tail. In the chronic fonns of myelo- 
genous and lymphogenous leukemia 
the appearance of signs and ssTnptoms 
of anemia, hemorrhagic manifestations, 
evidence of a s cry high basal metabol- 
ic rate (hyper]wrexia. weight loss) or 
pre^sure effects from an enlarged spleen 


or from enlarged lymph nodes are in- 
dications for treatment. The level of 
tlie white blood cell count per se is not 
a guide, for not infrequently one sees 
a patient who is entirely comfortable 
despite a marked elevation of tlie leu- 
kocytes. In evaluating treatment it is 
well to remember that the appearance 
of enlarged lymph nodes in a patient 
with chronic myelogenous leukemia, 
and the appearance of a marked ane- 
mia in a patient with chronic lym- 
phogenous leukemia both are of grave 
prognostic significance. The duration 
of life after the appearance of these 
signs is usually only a few months, re- 
gardless of therapy. Chemotherapeutic 
agents are of importance and are used, 
despite the fact that radiation is of 
proven benefit, because of the well 
Icnown eventual development of radio- 
resistance. It is thought by many tliat 
the best results may be obtained by a 
combination of chemotlierapy witli ra- 
diation therapy, for evidence is accu- 
mulating that radio-resistance may be 
influenced by one or more courses of 
some of tlie chemical agents. 

Chemotherapy. Arsenic. According 
to Forkner,-^ potassium arsenite enjoys 
the reputation of being the oldest form 
of treatment for leukemia. It was used 
fairly widely about the turn of this cen- 
tur)% but then was neglected until its 
revival by Forkner and Scott in 1931.'' 
The mode of action of this chemical is 
poorly understood. Piney"'* states that 
it acts by decreasing the reproductive 
activity of myeloblasts. Warren'*' stud- 
ied the effects of potassium arsenite on, 
normal rabbit marrow, normal human 
marrow, and on human leukemic leu- 
kocytes by the use of the Warburg ap- 
paratus and found that respiration of 
the cells was depressed by this chemi- 
cal. Tliis was accompanied by an accu- 
mulation of lactic acid in these tissues. 
Tin's agent has been found to be effec- 
tive against several strains of mouse 
myelogenous leukemia-' and, in a com- 
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parative study with urethane, benzol, 
and Roentgen-rays, was found to be 
the most efficient in lengthening tlie 
survival time in 3 transfer lines of this 
disease.'^^ Tliese same authors report 
that their 2 strains of mouse lymphoge- 
nous leukemia did not respond to the 
arsenite, and this has been tlie experi- 
ence of Flory“^ in 3 out of 4 strains of 
this type. In another comparative study 
on mouse leukemia potassium arsenite 
was found to be the most effective of 
all the arsenicals tested.^“ 

Radioactive arsenic has been used to 
study the distribution of potassium ar- 
senite in tissues of tlie rabbit, higher 
apes,-'’^ and man.®® In rabbits, following 
tlie intravenous injection of subtoxic 
doses of “tagged” sodium arsenate, the 
distribution of the arsenic was found to 
be relatively non-uniform. Tlie main 
storage sites were tire muscles, bone, 
and skin, although the concentration in 
these tissues was relatively low. The 
cancellous bone was not noted to fix 
arsenic an)' more permanently than any 
other tissue. The concentration in the 
spleen, bone marrow, and walls of the 
stomach and intestine reached fairly 
high levels, but for brief durations. 
From the study in apes it was demon- 
strated that there is little evidence for 
the replacement of phosphorus b)' ar- 
senic in the tissues. In man, arsenic was 
found to be widely distributed after in- 
jection, with the largest total amount 
in the skeletal muscles. There was no 
evidence that arsenic accumulated in 
rapidly growing tissues. In the blood, 
the leukocytes ( type? ) contained about 
10 times die amount of arsenic as did 
the cr)'throcytes. None of these e.xperi- 
ments sup])Iies a direct explanation of 
the clinical effectiveness of arsenic. 

In humans, potassium arsenite is 
most effective in chronic myelogenous 
leukemia, occasionally effective in 
chronic lymphogenous leukemia, and 
only \-erv rarely of use in the acute 
form of the disease, where it mav re- 


duce the level of the circulating leuko- 
cytes. When this drug is given accord- 
ing to the schedule of Forkner, it is com- 
mon to note marked hematologic and 
clinical improvement in patients with 
chronic myelogenous leukemia. The 
leukocyte count may return to normal 
with a marked decrease in the number 
of immature cells. The red cell count 
commonly rises, the splenomegaly de- 
creases, and the patient may appear 
clinically well. No toxic effect on the 
platelets has been reported, and there 
is no contra-indication to its use in die 
leukopenic stage of the disease. The 
initial dose is 3 minims in orange juice 
or milk given 3 times daily after meals. 
After 2 days this dose is inereased by 1 
minim daily {not 1 minim t.i.d.) until 
one of two effects is attained: eidier 
the white cell count has fallen to be- 
tween 10,000 and 20,000 per mm.® or 
intractable vomiting requires cessation 
of the medication. When the white 
blood count has fallen to this range, die 
medication is stopped for 4 days, then 
it is resumed at Ae same level, with 
a daily decrease in dosage of 1 minim. 
By watching die white cell count a 
maintenance dose is determined, and 
diis is continued until toxic signs of die 
drug appear. Minor toxic effects are on 
the gastro-iiitestinal tract resulting in 
nausea, vomiting, and diarrhea. More 
serious are signs of renal irritation, der- 
matitis, and neuritis. Tlie drug even- 
tually has to be stopped in all cases, 
and this is usually because of its effect 
on the skin. The dei'elopment of peri- 
pheral neuritis or exfoliative dermatitis 
constitutes an absolute contra-indication 
to furdier treatment. It is not unusual 
to maintain a patient in satisfactory re- 
mission for from 3 to IS months wth 
this drug. Altiiough patients witii 
clironic linnphogenous leukemia com- 
monly are not benefited by potassium 
arsenite. Falconer®® quotes a personal 
e.xperience in such a case where die 
white cell count fell from 1,000.000 to 
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7,000 in 3 weeks of therapy. He is of 
tlie opinion, after reviewing his results 
in 39 cases of chronic myelogenous leu- 
kemia and 26 cases of chronic lym- 
phogenous leukemia, that there is ad- 
\'antage in combining arsenic and 
Roentgen-ray therapy. Piney'"'^ agrees 
with this impression. 

Urethane. The first report concern- 
ing the effectiveness of ethyl carba- 
mate on leukemia was by Paterson 
ef al.'''-' in 1946, who used this agent 
following the demonstration by Had- 
dow and Se.xton-'' of its action on some 
animal tumors. Since then numerous 
in\’estigators ha\’e published reports of 
its effectiveness in the leukemia- of 
mice*-^-’*-’-'*"-'’'’*"'’-®® and rats.®"^*-' In gen- 
eral it has lieen shown that survival 
time is lengthened, the white blood 
count is reduced (with a diminution in 
the number of immature cells), and 
that there is a reduction in the size of 
the lymph nodes and spleen when sub- 
anesthetic doses are given repeatedly. 
Se\-eral reports ha\’e appeared which 
indicate two of the to.\ic reactions en- 
countered in e.xperimental animals. It 
has been sliown that prolonged admin- 
istration of uretliane increases the inci- 
dence of pulmonary adenoma in rats^" 
and in mice.''' Jaffe warns that this 
iniglit occur in hiimiius. In dogs the 
su!)cutaneous administration of the 
drug in doses liiglier than those given 
(o patients produced a typical throm- 
boeytopenic purpura." 

lh(‘ mode of action of urethane is 
not understood, although it is thought 
to he effective through inhibition of 
mitosis of the leukemic cells.''--''' These 
antliors do not agree. Iioweser. on the 
ch.niges whicii occur in the hone mar- 
row pictures of treated patient.s, Cra- 
ser’ ' states he is unaiile to confirm the 
more marled efhx-t of urethane on the 
less m.iture cells. 

Ihe dosage for humans is from 1.0 
to 0.0 gm. daily, administererl hv 
mouth prf-f(-r.ih!s- in O.S gm. enteric 


coated tablets to minimize nausea and 
vomiting. It may also be administered 
parenterally.''®*’’’® Bedinger, Poncher, 
and Limarzi^" have reported on its use 
in 17 patients with acute leukemia. Lit- 
tle or no benefit was derived e.xcept for 
a “rapid and marked fall in leukocyte 
count in all cases.” This effect on the 
white cells has been obsers'ed fre- 
quently, but by no means invariably, in 
the author’s experience; no beneficial 
effect on the course of tlie acute dis- 
ease has been impressive. This is es- 
sentially the experience reported by 
Watkins et Urethane is generally 
more effective in chronic myelogenous 
leukemia than in the chronic lymphoge- 
nous variety,'"'’ but in each form may 
cause a reduction of leukocytes to nor- 
mal with a decrease in tlie size of the 
spleen and lymph nodes.'-’'-®'’'''-' Gra- 
ver'"’ reports it to be productive of re- 
mission in only a fourth to a third of 
his cases. Piney,"® on the other hand, 
thinks that urethane is preferable to 
benzol, more efficacious than arsenic, 
and is probably the most satisfactoty 
treatment for chronic myelogenous leu- 
kemia. It is impossible at this time ef- 
fectively to compare urethane with any 
other form of treatment because of tlie 
brief length of time that this drug has 
been irsed. Toxic reactions include ane- 
mia, agranulocytosis, and thrombocy- 
topenia.' Two deaths have been re- 
ported, both presumably due to the 
dnig.'’-'"-®" 

Nn-ROCEN Mustards. This group of 
compounds, whose application has 
evohed from the di.scovety of their 
marked cytotoxic activity, has now 
lieen used rather widely in both ani- 
mals and man. They have been found 
to prolong the life of mice with trans- 
mitted leukemia,-' and have been used 
against Hodgkin’s disease, the lympho- 
mas, and the leukemias in man. 

Of the many nitrogen mustards, the 
rnethyl-bis (heta-chloroetliyl ) amine 
hydrochloride (IIX-) is the one most 
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widely used. The dosage schedule usu- 
ally employed is 0.1 mg. per kg. body 
weight intravenously daily for 4 to 6 
days. The drug may be given into the 
lumen of the tube of a rapidly running 
infusion in order to avoid its contact 
with the patient’s subcutaneous tissue 
or skin. Because of the toxic action of 
these drugs on the hematopoietic sys- 
tem/^ a complete blood count and 
platelet count should be performed 
daily during the course of treatment. If 
a marked depression of any of the 
blood elements occurs, the course 
should be interrupted. One of the most 
serious toxic effects, especially in leuke- 
mia patients who already have a de- 
pression of the platelets, is thrombocy- 
topenia. The author has seen 2 patients 
die from cerebral hemorrhage which 
apparently resulted from severe vomit- 
ing associated with a profound platelet 
deficiency. Nausea and vomiting, often 
severe, are very common in from 1 to 3 
hours following the administration of 
the drug. There is wide individual va- 
riation in this regard, however, for 
occasional patients have no such re- 
action. 

In acute leukemia, HN-j has been 
reported to effect occasional and \’ery 
brief clinical and hematologic remis- 
sions. Wintrobe et al.^^ report “fair” 
results in 3 of 8 cases of acute or sub- 
acute leukemia. They remark, however, 
that bone pain is often relie\’ed in these 
patients, e\'en by ver)' small doses. 
Spun- ct ol.~^ found HN^ of little or no 
value in acute leukemia, but got prom- 
ising results in some early cases of 
chronic l)'mphogenous leukemia. Oth- 
ers*® indicate that in both forms of 
chronic leukemia, treatment often 
causes a reduction in the white cell 
count, a more norjnal differential pic- 
ture, improvement iti the bone marrow, 
and a more persistent beneficial effect 
from transfusions. Wilkinson and Flet- 
cher®’ report on the use of the tris 
( bcta-chlorocthyl ) amine in patients 


with chronic leukemias, and indicate 
that it was usual to obtain a satisfac- 
tory fall in the total white cell count. 
It is generally agreed that the nitrogen 
mustards at present available are not 
superior to Roentgen-rays in the treat- 
ment of leukemia although occasionally 
they are useful in radio-resistant pa- 
tients. One of the newer nitrogen mus- 
tards, SK 136, has been found to bene- 
fit chronic myelogenous leukemia about 
the same as HNs, but usually does not 
cause nausea or vomiting. It gives “oc- 
casionally promising” results in acute 
leukemia but usually is “unsatisfac- 
tory.”’* 

Benzol. This drug has been used 
much more extensiv^ely in Europe than 
in America, where it has never been 
popular. The reasons for this reluctance 
to use it have been succinctly summa- 
rized by Watkins.®'* It is unsatisfactory 
because of the closeness of the thera- 
peutic to the to.vic dose, because of the 
great variations in susceptibility among 
different patients, and of the danger of 
producing aplastic anemia or granulo- 
cytopenia. That chronic exposure to 
benzol may be able to produce leuke- 
mia in man is suggested by Mallorj^ et 
aU'^' and Hueper.'-*" Kalapos,"** on the 
other hand, concludes that benzol is a 
valuable drug in the treatment of leu- 
kemia, and states that in the dosage 
used (3 to 5 gm. daily) he has never 
noted toxic effects on the liver or kid- 
neys. Forkner-'* was unable to find any 
evidence to support tlm contention that 
benzol was a useless or dangerous drug. 

In mice, benzol has been noted to 
be effective in lengthening the survival 
time in 3 transfer lines of myelogenous 
leukemia.** It was found to be highly 
effective against a strain of mouse chlo- 
roleukemia, and to prolong the lives of 
mice with certain strains of lymphoge- 
nous Ieukemia.== Piney'*® has recently 
outlined the treatment course which he 
has found satisfactoiy’. It is his belief 
that this drug is useful in chronic mv- 
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elogenous leukemia and that dislike of 
it is ill-founded. It is probable that the 
therapeutic possibilities of tliis agent 
ha^•e not been sufficiently explored. 

Folic Acid, Folic Acid Derwatioes, 
and Folic Acid Antagonists— Heinle and 
Welch^^ have recently reported the re- 
sults of their ex-perience with pteroyl- 
glutamic acid in human leukemia. 
^^''hen tliis agent was administered to 
3 patients with chronic myelogenous 
leukemia, a rapid hematologic and clin- 
ical relapse occurred in each case. In 
2 patients with chronic lymphogenous 
leukemia no such relapse occurred un- 
der treatment. These investigators have 
also produced folic acid deficiency in 2 
patients with chronic myelogenous leu- 
kemia by tlie administration of a diet 
low in folic acid, succinyl sulfathiazole, 
and a crude folic acid antagonist of 
which the active constituent was prob- 
ably, but not certainly, methopterin.^* 
In a period of 100 to 140 days on such 
a regimen there was a clear-cut clinical 
and hematologic remission. Administra- 
tion of folic acid to 1 patient caused 
sudden and violent relapse with death. 
Substitution of a regular hospital diet 
for the low folic acid diet in the other 
patient caused a slower but eventually 
marked hematologic relapse necessitat- 
ing treatment. 

'I'he effectiveness of teroplerin or 
pleroyltriglutamic acid on tumor 
growth has been brieflv reviewed bv 
Karnofsky/- who concludes that there 
is no evidence that this substance has 
any influence on tumor growth in ani- 
mals. Farber ct have administered 
teroplerin and diopterin (pteroyldiglu- 
tarnic acid) to a series of 90 patients 
witli various neoplastic diseases. Tliev 
found that the parenteral administra- 
tion of these substances had no toxic or 
unpleasant efftx'ts. and that in some 
inst.lnc■e^ the tumors showed histologic 
cluinges attributable to therapy. .Manv 
of till- patients experienced a sense of 
'.sell-heinc- Tins sarne feeline nf sub- 


jective improvement is reported by 
Meyer®®“ to have occurred frequently 
in liis series of patients with leukemia 
treated witli teropterin in doses up to 
200 mg. daily, but he was imable to 
determine any hematologic benefit in 
the cases of chronic leukemia. His pa- 
tient witli lymphoblastic leukemia 
seemed to show some reduction in the 
number of blasts witli a corresponding 
increase in mature lymphocytes in both 
blood and bone marrow. 

The action of folic acid antagonists 
in leukemia has been tlie subject of 
several studies. Meyer^®* summarized 
his results with 2 folic acid antagonists 
in 5 cases of acute leukemia. In 3 of 
these tliere w'as a reduction in the total 
white count widi a temporary' shift to 
the right. More recently, Farber ct al.^° 
have reported on their experience with 
another folic acid antagonist— 4 amino- 
pteroylglutamic acid (aminopterin)— 
in the treatment of acute leukemia in 
children. Sixteen patients were studied, 
10 of whom showed clinical, hemato- 
logic, and pathological evidences of 
improvement of 3 months’ duration. 
They' present the protocols of the 5 pa- 
tients who experienced the best results, 
which deserve to be examined in de- 
tail by any'one interested in this report. 
They' note stomatitis to be one of the 
toxic cflects of this dnig, but remark 
that it may produce even greater dis- 
turbances than they' have encountered. 
Meyer'''’’ has had a somewhat different 
e.vperience with aminopterin. He re- 
ports that of 43 patients (adults and 
children) treated, 4 evidenced distinct 
clinical and hematologic improvement; 
1.5 patients e.xhibited toxic effects re- 
quiring cessation of treatment; and 2-1 
showed no change in their clinical 
course. Toxic effects noted by’ this ob- 
serxer include sexere leukopenia, sto- 
matitis, hypoplasia of tlie bone mar- 
roxx', rectal bleeding, heinatemesis, loss 
of hair, and hernorrliagic infiltration of 
the skin, in decreasing order of fre- 
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quency. He states that the beneficial 
and toxic effects could not be corre- 
lated with the dosage, nor with the 
simultaneous administration of liver ex- 
tract or teropterin. Evidence that ami- 
nopterin is an extremely toxic agent is 
now increasing. The author knows of 
2 adults who died after treatment; 
marked hypoplasia of the marrow 
was observed at autopsy. 

Reinhard'’^'^''* has treated 8 cases of 
acute leukemia with anti-folic acid de- 
rivatives— 7 of these with aminopterin. 
No improvement was noted in 3 cases, 
but some symptomatic improvement 
occurred in 4. In none were the results 
impressive, although some reduction in 
the size of lymph nodes and spleen was 
occasionally observed. Toxic manifesta- 
tions included stomatitis, but no evi- 
dence of aplasia of the marrow xvas 
seen. 

MyelokeiUric Acid— Miller, • Wearn, 
and Heinle*’’^ described myeloid and 
lymphoid metaplasia following injec- 
tion of extracts of urine from leukemic 
patients. Much work has since been 
done on urine extracts, and Miller and 
Turner®® have formulated an hypotlie- 
sis of specific stimulators which act on 
tlie hematopoietic system. They tenn 
these substances myelokentric and lym- 
phokentric acid. Miller cf have 
published data on the treatment of 
lymphoblastic leukemia w'ith crude my- 
elokentric acid. They treated 8 cases 
and report 13 partial remissions, but 7 
of the 8 patients had died at the time 
of the report. Of interest, however, is 
the fact that autopsies on 5 of these pa- 
tients supported the belief that the 
treatment had induced the remissions, 
ior there was definite alteration in the 
histologic moqrhology as compared 
with tlic controls. This urine extract 
material is at present crude and rela- 
tively unobtainable, and the authors 
do not recommend this treatment, for 
no dosage .schedule is established. This 


work, however, is fundamental and a 
matter of great interest. 

Adrenocorticotropic Hormone — Tlie 
influence of adrenal cortical secretion 
on the leukocytes^®-'* and lymphoid tis- 
sue^®’^ of nonnal mice has been studied 
by Dougherty and White. In man,^®** 
they found less consistent results, but 
used a relatively small dose of cortical 
extract. Following injection of adreno- 
tropic honnone in mice they found a 
decrease in total leukocytes, a decrease 
in the absolute number of lymphocytes, 
and an increase in the absolute number 
of polymorphonuclear leukocytes, A 
voluminous literature is now extant on 
this subject, which has been summa- 
rized by Valentine et In 1943, 
Murphy and Sturm®-^** reported that 
adrenalectomy substantially increases 
the percentage of “takes” of a transmis- 
sible leukemia in rats. The following 
year these authors indicated that treat- 
ment with adrenal cortical extract in- 
creased tlie survival time when rats of 
a highly susceptible strain were inocu- 
lated with leukemic cells.®^'’ Blood 
changes similar to those noted above 
for normal mice have been reported to 
occur in mice w’ith spontaneous lym- 
phogenous leukemia after injection of 
adrenal cortical extract.'*® Extensive de- 
generative changes of the immature 
])nnphocytes in the thymus and lymph 
nodes were also evident. Le\'in, how- 
e\'er, was unable to note any effect on 
a different strain of mouse l}'mphoge- 
nous leukemia when pituitaiy^ adreno- 
corticoti'opic hormone was given.-®* 

Nordenson®® has reported an unsuc- 
cessful attempt to influence 2 cases of 
human chronic lymphogenous leukemia 
by injection of adrenal corfa'cotropic 
hormone, and Hills ci ah-' have pub- 
lished their obser\’ah‘ons on changes in 
the circulating leukocytes induced bv 
pituitary' adrenocorticotropic hormone 
in man. It is improbable tliat these hor- 
mones w’ill find any place in the ther- 
apy of human leukemia, but such stud- 
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ies are of importance in elucidating 
some of the factors concerned with he- 
matopoiesis. 

Miscellaneous— A variety of other 
drugs have been administered in leu- 
kemia, mostly to small series and with 
unimpressive results. Following a study 
of the effects of intravenous potassium 
antimonyl tartrate on the hemogram of 
rabbits,'""’ Lucia reported tliat this drug 
caused the reduction of the white cell 
count of 6 out of 9 patients with leuko- 
cytosis of abnonnal cells.^^ It is not use- 
ful in the therapy of leukemia. 

Engelbrcth-Holm and Stamer'"* have 
reported on their results with 9,10-di- 
methyl-l,2-benzanthracene in human 
leukemia. This is a highly toxic carcino- 
genic agent which had little or no ef- 
fect in the myelogenous form of the 
disease. They state that at autopsy 
there was found remarkably little leu- 
kemic infiltration in 2 of their 4 acute 
leukemias so studied. Chronic lym- 
phogenous leukemia responded “quite 
well" in 2 cases, aged 74 and .58. 

Organo-mctallic compounds of cop- 
per, nickel, and zinc have been re- 
ported to offer therapeutic possibilities 
in leukemia,-''' but the data are not im- 
pressive. One case of leukemia cutis 
with chronic lymphogenous leukemia 
has been published which authors feel 
may have been benefited by the admin- 
istration of progx-non B and dietliylstil- 
bestrol.*^ Tvrosinase has been said bv 
Isaacs- ' to convert acute into chronic 
leukemia, but this is the single report 
of its usefulness. Colchicine*''’ has been 
tried in acute myelogenous leukemia 
without veiy effective re.sults. but it is 
probable that this agent desers cs wider 
study bs'cause of its relation to purine 
metabolism. Davis'’* gave antireticular 
cstotosic serum to 1 patient with 
elirmiic itiyelogenoiis leukemia, with 
ri p-ate<i "responses" of the peripheral 
blfvvl to each course of the serum. Con- 
tact \'. ith this patient has since been 
hot.'"' Aviditr* and thinuraci!’- ’- have 


not been effective in the treatment of 
leukemia. 

'The effect of para-aminobenzoic acid 
in leukemia has recently been the sub- 
ject of 2 reports. Zarafonetis et alf^ 
found that sodium para-aminobenzoate, 
in doses of 2.0 to 4.0 gm. every 2 hours 
caused a striking lowering of the leu- 
kocyte counts in 5 patients with chronic 
myelogenous leukemia and 1 patient 
with the subacute form. They note that 
occasionally there was a decrease in 
spleen size but any objective improve- 
ment was slight and temporary. Two 
patients with chronic lymjjhogenous 
leukemia showed no essential decrease 
in leukocytes. Biehel,'* on the contrary', 
found that para-aminobenzoic acid in 
doses of 2.0 gm. every 2 hours resulted 
in an abrupt rise in the leukocytes in 
4 patients with chronic lymphogenous 
and in 2 patients w'ith chronic myeloge- 
nous leukemia. The dnig was stopped 
because of the complaints of soreness 
of the enlarged lymph nodes or spleen. 
Normal patients e.^iibited no signifi- 
cant variations in the leukocyte counts 
w'itli this dosage. 

Splenectomy has been abandoned as 
a useless form of treatment e.\cept in 
the unusual case complicated by the 
presence of an hemolytic anemia. In 
this event, Scott"" advocates this op- 
eration as a worthy palliative proce- 
dure. 

Radiation Therapy. Tliat radiation 
therapy is useful in the treatment of 
chronic leukemia is an indisputable 
fact. Although the exact manner by 
which this effectiveness is accom- 
plished is unproven, there is no doubt 
that radiation produces some clinical 
and hematologic improvement in the 
vast majority of patients w’ith the 
chronic form of the di.sease. Just as 
certain, however, is the fact that even- 
tually the disease becomes refractory 
after an unpredictable amount of ra- 
diation. It is primarily because of this 
development of radio-resistance that 
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search for chemotherapeutic agents is 
continued. 

Under certain conditions it is prob- 
able tliat exposure to Roentgen rays can 
render man more susceptible to the de- 
velopment of leukemia. Data have been 
accumulated which show that the in- 
cidence of leukemia among radiolo- 
gists is about 8 times that among other 
physicians.®" More recent statistics sup- 
ply additional evidence on this point.” 
Thus with radiation, as with many of 
the chemotherapeutic agents discussed 
above, we are using as treatment for 
leukemia an agent which can produce 
neoplasia. 

There are several forms of radiation 
therapy now being used. Direct irradia- 
tion over the spleen, lymph nodes, or 
bones is the method most widely used. 
General body irradiation, or “spray" 
Roentgen-ray to the torso is not as 
widely available as the above because 
of certain physical factors required. 
Finally, irradiation through the use of 
radioactive elements is the least widely 
used because of the rigid requirements 
of measuring and handling which are 
necessary for their proper administra- 
tion. 

All who have had experience with 
the Roentgen treatment of leukemia 
recognize at least 3 cardinal princi- 
ples. The first is that treatment must be 
individualized for each patient depend- 
ing on the initial level of leukocytes 
and his response to therapy, uathout 
insistence vrpon a rigid, pre-arranged 
plan. Secondly, the patient should be 
given the least amount of irradiation 
that produces satisfactory results. 
Thirdly, the concept of “crossfire" 
should be utilized to minimize the skin 
exposure while giving therapeutic doses 
to the underlying tissue. It must be re- 
membered that the effect of the Roent- 
gen-ray treatment is not immediately 
apparent— there is a “lag" effect. For 
this reason lower dosage schedules are 
employed when the response of the pa- 


tient is not known, when the level ol 
leukocytes is not markedly elevated, 
and when there is evidence of a pre- 
cipitous fall in the white count during 
treatment. 

Forkner-® has summarized the indi- 
cations and contra-indications for Roent- 
gen-ray therapy. Under no circum- 
stances should the level of the leuko- 
cyte count alone be the factor which 
determines treatment. The indications 
are symptoms of anemia, hemorrhagic 
manifestations, evidence of a high basal 
metabolic rate, or pressure manifesta- 
tions of an enlarged spleen or of en- 
larged lymph nodes.- Tlie prime indi- 
cation for the cessation of radiation 
therapy is a rapid fall in the white cell 
count or platelet count. In general, the 
development of a leukocyte count un- 
der 20,000 per mm." or of a platelet 
count under 100,000 per mm." is an 
absolute contra-indication to further 
therapy. Neither leukopenia nor tlirom- 
kocytopenia are contra-indications to 
irradiation when they are not the result 
of former therapy. It is well recognized, 
howe\'er, that a patient with the “sub- 
leukemic” form of the disease has a 
relatively poor prognosis and is likely 
not to be benefited by treatment. If 
during the course of Roentgen therapy 
there occurs a marked anemia, rapid 
loss of weight, or a marked shift to the 
left with a great increase in the num- 
ber of blast forms in the peripheral 
blood, treatment should be stopped. 

Locae InnADiATiOK— There are nu- 
merous treatment plans involving the 
use of direct or “spot” Roentgen-ray. 
but onl}^ a few will be mentioned. 
These concern the treatment of the 
chronic forms of the disease, for most 
reports in the literature indicate that 
Roentgen-rays are useless in acute leu- 
kemia. Lawrence,"' however, is quoted 
as being in favor of radiation therapy 
in the acute fonn on the grounds that 
occasionally it does improve the con- 
dition. Hamaun"' feels that generallv 
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it is ineffective in acute leukemia and 
should not be used except where some 
local distress is caused by Ij’inphaden- 
opatliy or splenomegaly which may be 
relieved by treatment. 

In chronic myelogenous leukemia 
Medinger and Graver^' administer di- 
rect irradiation through 2 large portals 
over tlie spleen, 1 anteriorly and 1 pos- 
teriorly, in doses of 2or to lOOr. These 
are repeated daily to a total dose of 
200r to 300r to each of the portals. In 
the chronic lymphogenous disease their 
usual course consists of local therapy 
of lOOr to 300r units to each area of 
external lymphadenopathy. The au- 
thors feel that sun-ival is improved if 
this disease is first treated with local 
irradiation followed bv total body 
therapy. 

Popp and Watkins*'^ suggest a larger 
number of portals be used in applying 
irradiation to the spleen. They outline 
9 splenic portals, 4 anteriorly, 4 poste- 
riorly, and 1 laterally and give daily 
doses to a total of 75 to SOr to each in 
subacute myelogenous leukemia. In the 
chronic form of this leukemia they sug- 
gest up to 225r be given to each portal, 
the dose to be determined bv the re- 
sponse of the patient. If the patient 
manifests the .sub-Ieukcmic form, these 
authors suggest the cautious adminis- 
tration of Tip to .50 to 75r to each of the 
“small fields" mentioned above. In sub- 
acute fwnphogenous leukemia they be- 
lieve Uoenlgen therapy to be of doubt- 
ful value, but may give daily treat- 
ments of 75 to I(K)r to each field over 
areas of lymph node enlargement. 
I-arger doses up to 22-5r per field per 
tlay are administered in chronic lym- 
plingi'iious leukemia. 

'I’lrr.M. lloDY OH \\‘n)!:-Fif:i.n Ihh.miia- 
nov. Tin's method of therapy is more 
rtc»-nt in origin than tin- iwal method 
and is not a\ail.d)!e in many institu- 
tions l)«'c.ms'- of th*‘ need of spf-cial 
f.icilitif'.. It differs from the admim’s- 
trution of lo>-;al irradiation in that the 


field coN'ered is eitlrer tlie whole body 
or the torso, requiring a long target- 
skin distance. Medinger and Graver’’’ 
have described the “Heublein” unit at 
the Memorial Hospital wherein a pa- 
tient is exposed to continuous irradia- 
tion for a jirolonged period. At the time 
of their report output of tliis unit was 
about 17r per day, with a target-skin 
distance of 3 meters. For tlie patient to 
receive lOOr, an e-xposure of approxi- 
mately 6 days was required. They felt 
that this method offered nothing over 
local irradiation in early chronic my- 
elogenous leukemia, but tliat after the 
disease had become refractory to splen- 
ic irradiation tliis method occasionally 
brought about improi'ement. Graver”" 
has recently concluded that the Heub- 
lein method of therapy seems to add to 
the survival period and to the periods 
of remission in chronic lymphogenous 
leukemia. Hamann'"” suggests the ad- 
ministration of a dose of 50r of “spray 
irradiation in 5 fractions of lOr each. 
She concludes that when this type of 
therapy was administered to patients 
who had a decreased response to local 
irradiation, remissions were obtained, 
but no essential influence on the course 
of the disease was observed. When it 
was used initially, the effect shortly 
became less marked with subsequent 
use. Tile chronic lymphogenous leuke- 
mia patients responded to smaller 
doses of “spray” irradiation than did 
those with the chronic myelogenous 
form, 

Il.AUIOACTlVi; IsOTOI’I-S — RADIOACTIVE 

Pnosi’Hoiius. The use of in the 
treatment of leukemia was first detailed 
by LauTence ct o!.'" in 1939, and nu- 
merous reports on its usefulness have 
since been published. In 1919 Reinhard 
rl al."' presented a critical summary 
of the literature, and anah'zed their re- 
sults in treating 1.55 patients with va- 
rious blood dvserasias. The interested 
reader is referred to this superb re- 
vii-w. Tliese authors discuss the ra- 
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tionale of the use of in detail. 
Suffice it to say here that the tissues in 
which the greatest concentrations of 
radioactive phosphorus are deposited 
are those primarily involved in the leu- 
kemias and the lymph node diseases. 
Tlius relatively high concentrations of 
radioactivity are obtained in the most 
advantageous sites, but, unfortunately, 
this differential distribution does not 
avoid damage to normal tissue. The 
beta rays emitted by P'^- penetrate tis- 
sue to a depth of 0.7 cm. Of consider- 
able advantage in the control of the ra- 
diation effects of this element is its 
half-life of 14.3 days. P^- may be given 
orally or intravenously. Studies on its 
absorption from die intestine indicate 
that it is safe to assume that about 75% 
of the oral dose is available to the body, 
but the intravenous route is the more 
widely used. 

The dosage schedule must be varied 
to suit individual requirements, but tlie 
usual course recommended by Rein- 
hard is as follows: 

Day of Treatment Dosage in Millicurios (I.V.t 
1 1.0 - 2.0 

3 0.5 - 1.0 

6 0.5 - 1.0 

10 0.5 - 1.0 

14 0.5 - 1.0 

The decision as to whether to use the 
smaller or the larger dose is based on 
the weight of the patient, the level of 
the white cell count, and the degree of 
lu'pcrplasia of the bone marrow. If 
there is a very high leukoci'te count, 
the above therapy is followed bv 0.5 to 
1.0 millicurie intra\enously at weekly 
intervals until the level of approxi- 
mately 30,000 cells per mm.^ is reached. 
For lymphogenous leukemia those au- 
thors report that this same schedule is 
useful, but that usually administration 
must be discontinued sooner because of 
the more rapid fall in the Icukocvte 
count. Slurgi.s"-' has outlined his trcal- 
ineut cour.se using the oral route of ad- 


ministration. He suggests 6 millicuries 
weekly until the white blood cell count 
falls to 40,000 per mm.® This is stated 
usually to require 2 to 4 ti'eatments. 

Several other schedules are in use in 
various clinics, but tlie above are cited 
as examples. In establishing a treat- 
ment course the availability of the P®® 
is an important factor, for larger doses 
may be given less frequently ratlier 
than smaller doses every few days as 
outlined above. 

It is agreed that acute and subacute 
leukemias, including tlie monocytic 
variety, are not benefited by radio- 
active phosphorus.®'^-®^’’'^^ In chronic 
myelogenous leukemia, remissions from 
this form of tlierapy are as satisfactory 
as those following x-irradiation with 
the advantage of freedom from radia- 
tion sickness. Both Reinhard and Law- 
rence^® feel that the length of lif(? may 
be somewhat prolonged, but, if so, the 
increase is measured in terms of 
months. As mentioned earlier in this re- 
I’iew, these data are difficult to ei'aluate 
with certainty. In general, tlie chronic 
lymphogenous variety of disease re- 
sponds less well than tlie myelogenous 
form. Usually the reduction in the size 
of the lymph nodes is not as marked as 
that following Roentgen tlierapy, and 
there is no evidence that tlie patient’s 
life span is increased. In both forms of 
chronic leukemia the evidence suggests 
that response to P®® is less fai'orable 
if x-inradiation had been given pre- 
vious!)'.^® 

As with other forms of radiation 
therapy administration of radio-phos- 
phoms may be associated \iith 
leukopenia, thrombocytopenia, and ane- 
mia. A limiting factor which restricts 
its use to a considerable e.vtent is the 
necessity for careful handling and 
rapidity of transport from tlie source 
to the patient. 

R.\pio.\cm-E Sodium. Evans^" has 
reported on the use of radio-sodium in 
mice of the Ak strain with l arious forms 
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of lymphadenopathy. Those animals 
with enlarged nodes and high leu- 
kocjie counts w'ere found to be espe- 
cially sensitive to tlie element, altliough 
there was no significant increase in the 
concentration of radio-sodium in the 
leukemic nodes over that in the blood. 
The autlior found it possible to reduce 
the white cell count without lowering 
the red cell count for longer periods 
by fractional rather tlian by single mas- 
sive doses. Reinliard™ has discussed 
the clinical aspect of the Na-^ tlierapy. 
This isotope has a half-life of 14.S 
hours, and emits both beta and gamma 
rays. It is distributed evenly in the 
body fluids, without selective uptake 
by bone or bone marrow'. It is said 
to be easy to prepare and ine.xpensive. 
The author states that chronic leu- 
kemia responds as favorably to tliis 
isotope as to general body Roentgen 
radiation. 

RADiOAcm-E Maxgaxese. In 1946, 
Halm and Sheppard^® reported on the 
use of Mn^- in diseases of the lymphoid 
S)'Stem. Tliis isotope has a half-life of 
6,.5 days. It w'as given intraienouslv 
dispersed in a colloidal sol using gela- 
tin as the supporting colloid. In a series 
of 24 administrations, fe\'er and nausea 
had not been seen. The Mn^- selectivelv 
hits the lymphoid macrophage system, 
and the authors suggest its use in 
h'mphogenous leukemia. 

Radio.acitve Gold. This element has 
been tlie subject of a brief report bv 
Goodell et al.-' w'ho state tliat acute 
leukemias have responded poorly. In 
the chronic leukemias of adults, how'- 
ever, fai orable results follow'ed the in- 
travenous administration of radio-gold. 

SsTuptomatic Therapy. Although all 
of the effective agents discussed above 
truly should be included under this 
heading because of their relief of symp- 
toms. certain forms of treatment are 
commonly useful w'hich have no in- 
fluence on the basic pathologic process. 
Of utmost importance for the comfort 


of the patient who has acute leukemia 
is good mouth care. These patients 
often have moderate to severe infection 
of the phaiymx and often have bleeding 
from the giuns. Penicillin intramus- 
cularly in the usual dosage is indicated 
when infection is present. For local 
care of the mouth astringent rinses are 
frequently of comfort by remoring the 
taste of blood. Rinsing of the buccal 
cai'ih’ w'ith a dilute solution of throm- 
boplastin occasionally stops low' grade 
bleeding from the gums. More active 
bleeding sometimes responds to the 
local application of gelfoam to the 
bleeding site. Allen et al} suggest that 
toluidine blue, given intravenously in 
daily doses of 1.5 to 3.0 mg. per kg. 
body w'eight, may be useful in the con- 
trol of the bleeding tendency w'hen no 
ulcerations are present. The application 
of local x-irrathation to the hj'p^rtro- 
phied gums of acute myelogenous or 
monociiic leukenuas is usually con- 
sidered inadiTsable. The position oc- 
cupied by transfusions in the treatment 
of the acute leukemias is a matter of 
\'er\' considerable difference of opinion. 
Some advocate multiple transfusions 
as supportive therapy, feeling that the 
life of the patient may be prolonged 
thereby. In the autliors opinion it is 
difficult to establish this, but it is felt 
tliat if transfusions give the patient im- 
portant sj'mptomatic relief, their use 
should be considered. The patient’s 
family should be adi'ised, bow’ever, 
that such treatment is only palliative. 
Adequate sedation is of utmost impor- 
tance, for commonly these patients are 
properly apprehensive. 

In the chronic forms of the disease 
transfusions may be indicated as sup- 
portive treatment from the time that 
chemotherapeutic or irradiation therapy 
is begun until relief of symptoms oc- 
curs. Blood also should be readily avail- 
able W'hen any patient w'ith the chronic 
form is to have any surgical procedure 
including dental extraction. During 
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periods of remission, tliese patients 
commonly are in need of no treatment 
whatsoever. 

Summary, There is no evidence that 
any cures of leukemia have been ef- 
fected. It is possible occasionally to in- 
duce temporary and partial remissions 
in the acute form of the disease by 
the use of aminopterin, niti'ogen mus- 
tard, or crude myelokentric acid (in 
lymphoblastic leukemia). The chemo- 
therapeutic agents of use in chronic 
myelogenous leukemia are Fowler’s 
solution, urethane, and possibly benzol. 
Chronic lymphogenous leukemia re- 
sponds seldom to Fowler’s solution, and 
to urethane less well than the mye- 
logenous form. Nitrogen mustard may 
be of value in the chronic leukemias, 
especially when they have become 
radio-resistant. The data indicate that 


radiation therapy is still the most ef- 
fective form of treatment, but that it is 
of little or no value in the acute form 
of the disease. Splenic irradiation in 
the chronic myelogenous form, and to- 
tal body, “spray” to the torso, or direct 
Roentgen-rays to the enlarged lymph 
nodes in the chronic lymphogenous dis- 
eases are the techniques of choice for 
Roentgen therapy. Radio-phosphorus 
is apparently as good as Roentgen ir- 
radiation in chronic myelogenous leu- 
kemia, but is probably not quite as 
effective as the latter in chronic 
lymphogenous leukemia. Because of tire 
frequency of spontaneous remissions 
and tire wide variability in the natural 
course of both the acute and clironic 
forms of leukemia it is urged that the 
utmost caution be e.\ercised in the in- 
terpretation of reports based on too few 
cases too briefly observed. 
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THE PHYSIOLOGICAL SOCIETY OF PHILADELPHIA 
^ Session of October 19, 1948 


Studies on the Mechanism of Ammo- 
nium Lung Edema. Habold Koenig, 
M.D., M.S., Ph.D., and Ruth Koenig, 
M.D. (Dept, of Anatomy, School of 
Medicine, Univ. of Penn). Toxic doses 
of ammonium chloride consistently 
produce acute pulmonary ! edema 'in 
rats, guinea pigs, less consistently in 
cats. (Koenig, H., and Koenig, R.: 
Anat. Rec., 100, 52, 1948). Changes in 
permeability of lung capillaries were 
studied by analyses for protein in the 
first edema fluid to appear in the trachea 
of 3 cats and 1 guinea pig. No protein 
was found in the edema fluid of 2 cats 
and the guinea pig, and only 0.7% in 
that of the 3rd cat. Thus, no gross 
increase in alveolar capillary permea- 
bility appeared during the early stages 
of this phenomenon in these animals. 
After anoxia set in, the alveolar capil- 
laries began to leak abnormally, as 
evidenced by capillary hemorrhage and 
alveolar edema exudate which were 
always seen in the more advanced 
stages of this phenomenon. 

The role of the nervous system in the 
genesis of this lung edema was investi- 
gated. Bilateral cervical vagotomy, 
atropinization and adrenalectomy did 
not block ammonium lung edema, but 
dibenamine, a sympatholytic drug, did. 
Decortication and anemic decerebra- 
tion did not block lung edema, but 
spinal cord transection between C-6 
and T-1 always prevented it. Mid-tho- 
racic spinal cord section did not block 
( 596 ) 


it in most animals, no^ did severance 
of the cervical sympathetic chains. 
Therefore, tlie sympathetic. nerve sup- 
ply to thoracic viscera, activated at the 
brain stem level, appeared to be in- 
volved. 

Systemic arterial hypertension oc- 
curred in ammonium intoxication. Its 
importance in this phenomenon was 
minimized, however, because; animals 
with spinal cord lesions which pre- 
vented edema still had hypertension; 
in one experiment, lung edema appear- 
ed without hypertension; and no evi- 
dence of left ventricular failure was 
ever seen at autopsy. 


Cerebral Blood Flow and Metabo- 
lism in Normal and Toxemic Preg- 
nancy. Milton L. McCall, M.D. 
(Depts. of Obstetrics and Gynecology, 
Jefferson Medical College and Hospi- 
tal, and Philadelphia General Hospi- 
tal). Using the quantitative nitrous 
oxide method of Kety and Schmidt, the 
cerebral blood flow and related meta- 
bolic functions of the brain were 
studied in normal pregnant women 
close to term as well as in patients 
with toxemia of pregnancy. In com- 
paring mean values obtained from non- 
pregnant individuals with those from 
normal pregnant women, it was found 
that the latter had normal cerebral 
blood flow as well as comparable brain 
physiology as far as most of the other 
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cerebral functions studied were con- 
cerned. In pregnancy the volume per- 
cent of oxygen in the arterial blood was 
found to be definitely lower, however, 
while the oxygen utilized by the brain 
was the same as in normal non-preg- 
nant persons. 

Three types of toxemia were studied: 
toxemia superimposed upon essential 
hypertension, pre-eclampsia and 
eclampsia. In none of these was there 
evidence of significant deviation from 
normal in cerebral blood flow. In all, 
however, there was increased cerebral 
vascular resistance, the greatest degree 
being found in eclampsia. The oxygen 
utilization by the brain was normal in 
the nonconvulsive toxemias but in 
eclampsia this function was signifi- 
cantly decreased. 

The older theories that there is a 
great reduction in the blood flow in the 
brain as well as deficient oxidation as 
the immediate causes of eclampsia are 
discussed in the light of the present 
study. Inasmuch as the cerebral blood 
flow and the oxygen brought to the 
brain are normal, these postulations 
are not substantiated. However, the 
brain itself was unable to utilize o.xy- 
gen to a normal extent in convulsive 
eclampsia. 

It has repeatedly been .shown that 
there is capillary spasjn in various por- 
tions of the bodv during this disease. 
The increased cerebral vascular resis- 
tance found in all toxemias adds an- 
other reason to believe that this is a 
generalized vaso-spasm. 


Intra-articular Temperatures in Man. 
Stuxten M. Horvath, Ph.D., and J. L. 
IIoiXAxnER, M.D. (Dept, of Physical 
Medicine and .Arthritis Section, Hospi- 
tal of the Univ. of Penna. ). A relatively 
sim]5lc method of obtaining intra-ar- 
ficular (knee, elbow and ankle) tem- 
peratures has been utilized to deter- 
mine the degiee of svno\ ial hyperemia 
resulting from a disease process and to 


evaluate the effect of various modalities 
of physical therapy on the joint tissues. 
Approximately 50 individuals, a few 
normals but mostly patients suffering 
from various arthritic diseases, have 
now been studied. 

An excellent correlation has been 
observed between the joint tempera- 
ture and the clinical state of patients 
with rheumatoid arthritis. Patients with 
degenerative joint disease were found 
to have higher intra-articular tempera- 
tures than would have been predicted 
from skin temperature over the joints 
and from their respective clinical 
states. 

A numbe)’ of procedures of physical 
therap)' have been investigated. Pas- 
sive movement of the affected joints 
resulted in a slight elevation of intra- 
articular temperature. Tentative classi- 
fication of heating modalities is now 
po.ssible and is apparently dependent 
on their ability to penetrate the tis- 
sues. Interesting reflex effects follow- 
ing application of hot or cold packs 
to a joint occurred. The application of 
hot packs results in a lowering of in- 
tra-articular temperature and, con- 
versely, application of cold packs re- 
.sults in elevation of joint measure. 


Non-Uniform Lung Ventilation. 
Ward S. Fowtler, M.D. (Dept, of Phy- 
siology and Pharmacology, Graduate 
School of Medicine, Univ. of Penna.). 
Continuous analysis of NL content 
(Lilly-Hervey nitrogen meter) and 
volume flow of alveolar gas expired 
after one inspiration of 99.6% 
showed the Nj content to increase 
several percent as expiration continued. 
This indicates that (a) inspired gas is 
not evenly distributed throughout the 
functional residual air, and (b) with 
quiet breathing the poorly ventilated 
areas of the lung empty proportion- 
ately more later in expiration. In 3S 
of 40 healthy men, increasing N 2 con- 
tent w’as found in alveolar gas of a 
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quiet tidal expiration. The magnitude 
of the variation in alveolar No content, 
expressed as relative dilution of alveo- 
lar N 2 by inspired Oo, decreased witlr 
larger inspired volume, smaller prein- 
spiratory lung volume, inspiratory 
breathholding for 20 seconds, smaller 
expired volume, and rapid expiration. 
Less variation was found with hyper- 
pnea (voluntary and post-exercise) 
than with quiet breathing. If a quiet 
expiration was immediately followed 
by a forced maximal expiration, a sud- 
den increase in N 2 content occurred 
coincident with the forced expiration, 
indicating a proportionately greater 
emptying of poorly A'entilated areas by 
the forced expiration. 

Unequal volume ventilation of the 
lungs has been thought to result from 
uneven lung expansion. However, if 
certain areas of die lung fill early in 
inspiration, they may receive more of 
the dead space gas than other areas 
which fill later. Ab'eolar composition 
differences may thus arise despite uni- 
form volume ventilation. This possi- 
bility is supported by 2 findings. When 
insipration began at the maximal ex- 
piratory position, (a) added inspira- 
tory dead space increased the variation 
in alveolar N 2 content, and (b) when 
a single inhalation consisted of O 2 fol- 
lowed by air, the early expired alveolar 
gas had a higher No content than later 
expired gas. 


The Construction of Normal Stan- 
dards for Cardiac Output in Man. J. M. 
Tanner, M.D.® (Lab. of Therapeutic 


Research, Univ. of Penna., and the An- 
thropological Lab., Dept, of Human 
Anatomy, Oxford University). The 
present per-weight and per-surface 
area standards for cardiac output, 
sharing a statistical fault common to 
all ration standards, give figures that 
are too high for large men and too low 
for small ones. New standards of the 
multiple regression type have therefore 
been developed, bodi for the balhsto- 
cardiographic and the catheterization 
methods. These methods can be shown 
to agree excellently when the statistical 
relations between them are examined in 
the light of the coefficients of relia- 
bility of each. The ballistocardiograph 
standards are based on data upon 50 
students obtained by the author when 
working in Dr. Starr’s laboratory, and 
previously communicated to this So- 
ciety (1); and on the large series of 
Starr and Schroeder-'® covering 174 
persons of wide age range. To bring 
the ballistocardiograph figures into line 
Muth the Cournand'* catheterization 
values when Starr’s recommendation^ 
to omit the aortic cross-section is fol- 
lowed, the constant 33 in the ballisto- 
cardiograph formula has been replaced 
by the approximate value 100, making 
the formula 

SV (ml.) = 1002 area I + area J 
c 

when the areas are measured in milli- 
meter-seconds. 

A biometric examination of all pub- 
lished series of cardiac output values 
has led to the follo\ving new stan- 
dards: 


For the Starr ballistocardiograph 

Estimate Stroke ^^olume (ml). =.5-3 Surface Area (sq. in.)-.85 Heart Rate (per min.)- 

. .85 Age (yearsl+TS for Men. 

=21 Surface Area (sq. in.)— .40 Heart Rate (per min.)- 
.45 Age (years)-(-80 for Women. 

Estimate Cardiac Output (l/min.)=:2.6 S.A.— .055 Age-]-3.0 for Men. 

=2.1 S.A.— .045 Age-|-S.l for Women. 

For catheter standards, means at the level of Coumand’s series'* have been assumed gi'ring: 
Estimate Stroke Volume (ml.) =53 S.A.— .85 H.R.— .65 Age-1-71 for Men. 

• =53 S.A.— .75 H.R.— .65 Age-l-64 for Women. 
Estimate Cardiac Output (l/min.)=2.6 S.A.— .042 Age-}-2.5 for Men. 

=2.6 S.A.— .042 Age-1-2.8 for Women. 

® Presorit address, SherrinRton School of PhyMolocy, St. Thomas Hospital, London SEl. 
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The Diabetic’s Handbook. By Anthony M. 
SiNDONi, Jr., M.D., Chief, Department of 
Metabolism, Phila. General Hospital. With 
6 contributing autliors. Pp. 194; 7 ills. New 
York: Ronald Press, 1948. Price, $3.00. 

This handbook opens with a section listing 
the common questions asked by diabetic in- 
dividuals. To these, didactic answers are 
given. The next sections deal xvith symptoms, 
complications, insulins, foods, laboratory tests, 
specific care, and general hygiene. The book 
contains much necessary information but 
much that is superfluous, tlius interfering with 
proper emphasis of the more important as- 
pects. 

Certain errors detract from the value of the 
book. Thus on page 42 it is stated “mg. (mil- 
ligram)— one tenth of a gram, or approxi- 
mately 2 grains”; and on page 53 in the ta- 
ble, one finds tliat insulin shock “Follows 
within a few minutes after insulin injection.” 
(The facts are correctly set forth in the dis- 
cussion.) Furthermore, on page 6 and else- 
where the impression is given that only “25 
to 30 percent of tlie cases are due to hered- 
ity.” Such phrases as “cheating on their diet” 
and “The trouble with many persons is they 
do not drink sufficient water” are frequent. 
Despite such deficiencies, the book can serve 
as a reference textbook for the patient and as 
a useful adjunct to the physician’s guidance. 

F. D. 


Successful Marriage. Edited by Morris 
Fishbein, M.D., and Ernest W. Burgess, 
Ph.D. Pp. 547; 13 figs. New York: Dou- 
bleday, 1947. Price, $6.00. 

Although the number of marriage-coun- 
seling books being published is rapidly in- 
creasing, the merits of this volume m:j<e it 
very welcome. The efforts of 38 well-qualified 
authors are grouped in the following: 1. prep- 
aration for marriage; 2. the marriage; 3. con- 
ception, pregnancy and childbirth; 4. the 
child in the family; 5. social problems of sex 
and marriage, with each section subdivided 
into 6 or more parts. The editors are to be 
commended for tlieir choice of contributors 
and for fine editing. The authors, themselve.s, 
have covered their respective problems with 
noteworth}’ clarit}' and a directness and sim- 
plicity of language which is laudatory. 

Ever)' phase of the marriage problem is 
mentioned and discussed, although some ar- 
ticles are neccssarih’ brief. The text, which is 
(COO) 


refreshingly readable, seems to be pitched at 
a collegiate level. Each chapter contains a list 
of references, and a well-organized index is 
included. The volume can be recommended 
to the practitioner, to young people contem- 
plating marriage, and for use in the classroom. 

G. R. 


Gix'e Them a Chance to Talk: Handbook 
of Speech Correction for Cerebral Palsy. 
By Berneice R. Rutherford. Foreword hy 
John F. Pohl, M.D. Pp. 116; 9 ills. Min- 
neapolis: Burgess Publishing Co., 1948. 
Price, $2.75. 

Followtng brain injury, defective muscle 
movements and speech defects may be ob- 
served, wliich in the group of cerebral pal- 
sied children, have been all but incurable. In 
such disorders Mrs. Rutherford’s pioneer work 
affords techniques whereby remarkable im- 
provement may be obtained. For the spastic, 
athetoid, or ataxic, defective movements the 
methods include proper manipulation of the 
speech musculature; visual stimulation 
through watching one’s movements in a mir- 
ror; critical listening to one’s speech; strength- 
ening and controlling the tongue muscles; 
strengthening the neck muscles and gaining 
control of the muscles of breathing; learn- 
ing to synchronize breathing; correction of un- 
necessary' and undesirable habit patterns. 

N. Y. 

Practical Therapeutics. Edited by Martin 
Emil Rehfuss, M.D., F.A.C.P., F. Ken- 
neth Albrecht, M.D., and Alison Hom'e 
Price, A.Bl, M.D., with 13 Contributors. 
Pp. 824; 70 ills. Balt.: Williams & Wilkins, 
1948. Price, $15.00. 

This is a book wliich the general practi- 
tioner will find invaluable. It tells what to 
do and how to do it, and gives thousands 
of useful prescriptions. There is a section 
devoted to symptomatic therapy, but most of 
tlie book is devoted to the treatment of spe- 
cific disorders. Inevitably, there is a certain 
amount of repetition, but this is not neces- 
sarily a disadvantage; one does not have to 
search through the book to find the desired 
information. The layout is well planned; the 
type is large and easily read. Unfortunately 
there are numerous typographical errors and 
misplaced decimal points which might prove 
embarrassing or worse to the physician who is 
not conversant ivith both the apothecaries and 
the metric system of drug dosage. H. H. 
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Handbook oi' Practioal Bacteriology. 
By T. J. Mackie, M.D., Prof, of Bacteri- 
ology, Univ. of Edinburgh, and J. E. Mc- 
Cartney, M.D., Fellow Rockefeller Inst., 
New York. 8th ed. Pp. 624. Balt.: Williams 
& Wilkins, 1948. Price, $7.00. 

Of the volume’s 3 parts: An introduction, 
including discussions of the general biology 
of micro-organisms and immunity in rela- 
tion to practical bacteriology. A second part 
on bacteriological technique, is followed by 
a description of micro-organisms (including 
filtrable viruses) and their bacteriological di- 
agnosis. There are numerous diagrammatic 
illustrations and tables but no photographs. 
As a practical manual, the te.\t contains many 
items of useful information not found in otlier 
books of this nature. The chapters on viruses 
and pathogenic fungi, although brief, are 
also helpful. The descriptions of the diseases 
caused by pathogenic micro-organisms should 
be particularly useful for non-medical labora- 
tory personnel. However, the advisability of 
including such subjects as discussion of the 
serologic tests for syphilis and a few proto- 
zoan parasites, which are better described in 
works of different nature, is open to question. 

R. N. 


Hemostatic Agents, with Particular Ref- 
erence to^Thrombin, Fibrinogen and ab- 
sorbable Cellulose. By Walter H. See- 
GERS, M. S. Ph.D., Prof, of Physiology, 
Wayne Univ. Coll, of Med., and Elwood A. 
Sharp, M.D., ScD., Director, Department 
of Clinical Investigation, Parke, Davis and 
Company. Pp. 131; 27 ills. Springfield, III.: 
Charles C Thomas, 1948. Price, $4.50. 

This monograph fills a definite need for 
surgeons, dentists and others, who \rish to take 
advantage of recent developments in the field 
of hemostasis. It condenses in a short space 
and in \’ery readable form the practical and 
much of the theoretical background for the 
use of thrombin, fibrinogen, o.xidized cellu- 
lose, fibrin foam, and gelatine sponge. The 
section on blood clotting largely avoids con- 
troversial matters and so might seem ineom- 
plete to some readers. However, it does set 
forth clearly those points which the authors 
regard as established. The cliaptcrs on throm- 
bin, fibrinogen, and o.xidized cellulose are 
especially good. J. R. 


Hemolysis .\nd Related Phenomena. Bv 
Eric Ponder. M.D.. D.Sc.. The Nassau 
Hospital Mineola. Pp. .398: 69- ills. New 
York: Grunc & Stratton, 1948. Price, SIO.OO. 
3 ms volume is the third of a similar nature 
piiblished during n period of 2-5 rears bv a 


very active worker and a recognized authoritj' 
in the field of hemolysis and the general 
properties of the red cell. Like its predeces- 
sors, it brings together in one place the results 
of the author’s own e.xtensive and important 
researches up to the date of publication, and 
would be of value for this reason alone. But 
in addition it provides a stimulating discussion 
of the more important work of others in tlie 
same general field, its references to the litera- 
ture including more than 600 titles. Though 
dealing primarily with the subject of hemoly- 
sis, it very properly devotes about half of its 
pages to a description of the general proper- 
ties of the cell which is hemolyzed. Readers 
other than specialists will doubtless find this 
portion of the book of greatest interest; but 
no serious student of the erythrocyte can af- 
ford to be unacquainted with its entire 
contents. M. J. 


Venous Thrombosis and Pulmonary Embo- 
lism. By Harold Neuhof, M.D., Clinical 
Prof, of Surgery, Columbia Univ. Pp. 159. 
New York: Grime & Stratton, 1948. Price, 
$4.50. 

This monograph on the related subjects of 
acute venous thrombosis and pulmonary em- 
bolism is based chiefly on the author’s e.\pe- 
rience on a board designed to study the role 
of pulmonary embolism in hospital deaths. 
It draws heavily on the extensive literature of 
the subject, but maintains its own opinions 
capably. Conclusions are based on a wide 
knowledge of the problems in surgery, gyne- 
ology, and medicine, and are illustrated by 
numerous case histories. It is refreshing to see 
the author treat cases individually, rather 
than by general rule. He gives, for instance, 
his reasons for or against anticoagulant ther- 
apy, or venous ligation, in any one case. No 
physician or surgeon can read this monograph 
without gaining a respect for the danger of 
venous thrombosis in both surgery and medi- 
cine, nor will he avoid using prophylactic 
measures to help prevent x’enous thrombosis. 
Nor will he any longer "treat" this dangerous 
disease by the old-fashioned rest and eleva- 
tion, along. H. M. 


The Skull. Sinuses, and Mastoids. A Hand- 
book OF Roentgen Diagnosis. By Barton 
R. You.ng. M.D.. Prof, of Radiology, Temple 
Univ. Medical School. Pp. .328; 141 ills. 
Chicago: Year Book Publishers. 1948. Price. 
$6.50.'' 

This most recent and final volume in the 
series is an excellent contribution to the small 
group of books which lend themselves to easv 
reference by the active practitioner. The manv 
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illustrations are of superior quality and relate 
to the text on the facing page, an arrangement 
which has tlie fault of requiring reading of an 
entire page for clarification at times, yet al- 
lows an unusual volume of material to be 
covered in a manner wliich may still be read 
in continuit)'. The witten presentation is 
clear, related to clinical rather than didactic 
use, and the completeness should be quite 
adequate for general practitioners and most 
specialists. The conciseness of explanation 
makes it also of value to the radiologist 
and neurosurgeon. The elaborations of pneu- 
mographic, angiographic and special appara- 
tus techniques, such as body section roentgen- 
ography, may well be obtained from other 
sources b)' die specialists primarilv concerned. 

R.C. 


An Integrated Practice of Medicine. A 
Complete General Practice of Medicine 
from Differential Diagnosis by Presenting 
Symptoms to Specific Management of the 
Patient. By Harold Thomas Hyman, M.D. 
Four volumes and Index. Pp. 4336; 1184 
ills.; 305 in color. Pliila.: W. B. Saunders, 
1947. Price. $50.00. 

This is not merely a new work, but a new 
kind of work. It attempts: (a) to put into one 
publication all that a practitioner needs to 
know about the various ramifications of spe- 
cialized as well as general medical pracdce 
and about the underlying facts from the basic 
sciences; and (b) to arrange, collate and in- 
tegrate tliat material so that it be easily avail- 
able when presenting symptoms furnish a 
key. Tlie emphasis lies in the arrangement 
and cross-references tliat make the 25 sections 
of the book parts of a unified whole rather 
than isolated texts in a special medical field. 
The concept is brilh'ant and constitutes a 
major adv'ance in medical writing. 

The execution of the idea, however, is not 
}et all that it should or can be. In arriving 
at this conclusion, the Reriewer has done 
tliree tilings: sj'stematically read through most 
of the u’ork; used it daily for a 3'ear in the 
teaching as well as tlie practice of internal 
medicine; consulted with a number of general 
practitioners who have used it in their 
pracdce. 

The usual criticism by tlie general pracd- 
tioners was that the informadon was in- 
adequate and that recourse to other texts was 
frequently neccssaiy. This would seem re- 
mediable onl)' by making the work larger, 
and some thought that should be done. It 
could be done, but there remains the need to 
draw a line somewhere between a “working” 
text and a reference or encx’clopedic text. 


The Reviewer himself found the work a 
most useful one. While the Author had pri- 
marily the general practitioner in mind, it 
would seem tliat the work in its present form 
is even more useful to the specialist, almost 
regardless of his field of interest. This is true 
because the publication offers concise up-to- 
date information on fields about which the 
specialist has not thought or read for a long 
time, and on whose book-shelves the most 
recent information is in the textbooks wliich 
he acquired’ as a medical student. Let it be 
remembered that in addition to internal medi- 
cine die work covers psycliiaby', ophdialmo- 
logy, otology, rliinolaryngology, urology, gyne- 
cology, obstetrics, pediatrics, orthopedics, 
dermatology, minor surgerj', anesthesiology, 
major surgerj', convalescence and rehabilita- 
tion, basic science review, physical diagnosis, 
dietetics, radiologj', pharmacologj", therapeu- 
tics, and dentist)^'! 

Good points include the many and e.xcel- 
lent differential diagnostic tables and the 
numerous illustrations. Some of the color pic- 
tures are too “colored” (e.g,, die rose spots 
of typhoid fever). The index is well prepared 
and diere are man)' timely cross-references. 

At times one gets the impression that topics 
hax'e been covered by the “scissors and paste” 
route, rather than on the basis of first-hand 
knowledge. Filariasis is not transmitted by, 
mites, is not diagnosed by dark-field examina- 
tion, nor with any reliability by skin tests, nor 
is it attended by generalized edema as stated 
in die text. No one familiar with the disease 
would have made these statements. Other 
comparable instances could be cited. The il- 
lustrations have also been gathered from man) ' 
sources, a commendable practice under the 
circumstances. Future editions and a greater 
number of skilled collaborators should rectif)' 
such minor short-comings. 

The Author is to be congratulated on the 
monumental work which he has conceived 
and produced. R. K. 


NEW BOOKS 

British Encyclopedia of Medical Practice. 
Editor-in-chief, Rt. Hon. Lord Hordeh, 
G.C.V.O., iM.D. Pp. 539. With Cumula- 
tive Supplement. Pp. 377. London: Butter- 

worth, Ltd., 1948. Price 

Critical surx'eys of 14 branches of the 
physicians’ work are presented, together 
with a section on Recent Developments in 
Pharmacology and Therapeutics. More than 
half the space is occupied by a few hun- 
dred abstracts. 

Advances in Carbohydrate Chemistry. Vol. 8. 
Edited by W. M’. Picman, PilD., M. L. 
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WoLFHOM, Ph.D., and (for the British 
Isles) Stanley Peat. Pp. 424. New York: 
Academic Press, 1948. Price, $8.50. 

This volume continues the record of the 
previous volumes in presenting authorita- 
tive articles upon a variety of special top- 
ics. There are presented 11 reviews dealing 
with stereochemistry, biochemistry and or- 
ganic chemistry of carbohydrates (includ- 
ing cellulose) written by qualified investi- 
gators from Great Britain, Germany, Swe- 
den and the United States. Of particular 
interest are the chapters on (1) The Mo- 
lecular Constitution of Cellulose (J. Comp- 
ton); (2) Isotopic Tracers in the Study 
of Carbohydrate Metabolism (S. Gurin); 
(3) Products of the Enzymic Degradation 
of Starch and Glycogen ( K. Myrback ) ; ( 4 ) 
The Polysaccharides of M)'Cobacterium Tu- 
berculosis (M. Stacey and P. W. Kent), 
and (5) The Chemistry of Streptomycin, 
(R. U. Lemieux and M. L. Wolfrom). 

H. V. 

Principles Governing Eye Operating Room 
Procedures. By Emma I. Clevenger, R.N., 
Supervisor Eye Operating Room, New York 
Eye and Ear Infirmary. Pp. 215. Illustrated. 
St. Louis: C. V. Mosby, 1948. Price, $5..50. 

Tins is a valuable book to have in all eye 
services in the hospital. It is a reference 
book and is well indexed. IVhencver a 
nurse, or for that matter a surgeon, wishes 
to find the technical details of instruments 
or other equipment connected with an eye 
operating room, an e.xcellent exposition 
can be found in this book. This is very 
time-saving, for such details are not easily 
to be obtained in any library and can be 
found only by consulting instrument mak- 
ers’ catalogues, which is cumbersome. The 
book naturally leans toward the operating 
techniques used in the New York Eye and 
Ear Infirmarj', but this is b)" no means a 
disadvantage. The book should be in the 
possession of every eye operating room 
nurse. F. A. 

The Medical Clinics of North America. Mayo 
Clinic Number. Pp. 303; 49 ills. Phila.: 
W. B. Saunders, 1948. Price, $15.00 a 
year. 

Folloutng 5 papers on the clinical fea- 
tures and treatment of the types of con- 
genital heart disease that arc particularly 
:uuenablc to surgical treatment, a s-aricty 
of subjects arc re\4cwed: diseases of the 
thyroid, ulcerative colitis, mcgacolon, peri- 
toneal lavage, the treatment of infectious 
diseases, pernicious anemia. ^V. J. 

Modern Trends in Diagnostic Radiology. 
Edited by J. W. McLaren, M.A., M.R.C.S., 
St. Tliomas’s Hospital. London. Pp. 464; 
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381 ills. New York: Paul B. Hoeber, 1948. 
Price, $12.00. 

This is a collection of scientific papers 
by 32 authors most of whom are British. 
A avide variety of subjects is included, 
ranging from such fundamentals as “The 
Meaning of Speed and Contrast in X-ray 
Materials” and “Safet}' in the Radiodiag- 
nostic Department” to “Pulmonarj' Hemo- 
siderosis”, “Foetal Abnormalities”, “As- 
pects of Hydatid Disease” and “The Law 
Relating to the Practice of Radiology”. The 
articles in general are well written. Other 
informative contributions not previously 
mentioned are “Radiographic Diagnosis of 
Tumors of the Pharynx and Lar)'nx” (F. 
Baclesse), “Radiology of the Heart” (P. 
Wood), “Some Aspects of Ventriculography 
and JInceplialography” (Erik Lysholm) 
and “Cerebral Angiography” (Arne Enge- 
set and Kristian Kristiansen). Certain por- 
tions are disappointing but the book in 
general is a worthwhile contribution and 
should be of interest to radiologists and 
radiology students. C. P. 

The 1947 Year Book of Pediatrics. Edited by 
Isaac A. Art, D.Sc., M.D., Emeritus Prof, 
of Pediatrics, Northwestern Univ. Medical 
School, with Arthur F. Art, M.D., Asso- 
ciate Prof, of Pediatrics. Pp. 454; 91 ills. 
Chicago: Yearbook Publishers, 1948. Price, 
$3.75. 

Like all its predecessors, this issue of the 
Year Book of Pediatrics consists of a useful 
digest of current articles of pediatric in- 
terest gathered from many sources, ar- 
ranged and classified so as to be conven- 
iently accessible for reference. The volume 
is dedicated to Dr. Isaac Arthur Abt, noted 
teacher and author and editor of the Yciir 
Book of Pediatrics since its origin 46 years 
ago, who celebrated his 80th birthday in 
full rigor on December 18, 1947. 

I. W. 


NEV’ EDITIONS 

A Manual of Practical Obstetrics. B\’ O’Donel 
Browne, M.B., M.A.O., Rotunda Hospital. 
Dublin. 2d ed. Pp. 267; 218 figs.; 8 plates. 
Balt.: V7lliams & Wilkins, 1948. Price, 
$9.00. 

Craijs Anatomy of the Human Body. Revised 
and edited by Charles Mayo Goss. M.D., 
Prof, of .\nalomy, Louisiana State Univ. 
2.5tli cd. Pp. 1478; 1263 ills., mostly in 
color. Phila.: Lea & Febiger. 1948. Price. 
814.00, 

The Hair and Scalp: A Clinical Study. By 
Agnes Savill, M.A. 3d cd. Pp. 304; 54 ills. 
Balt.; Williams &• Wilkins, 1944. Price. 
$4.75. 
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The contents of this small, attractive 
volume are as satisfactory as its external 
appearance. It includes both a scientific 
background of the subject of hair, espe- 
cially as far as its physiology and chem- 
istry are concerned, and also presents de- 
tailed directions for the care of normal hair 
and scalp and a discussion of their disor- 
ders. This practical, carefully prepared and 
well illustrated book deserves continued 
and unqualified recommendation. H. B. 

Neuroanatomy. By Fred A. Mettler, M.D., 
Ph.D., Assoc. Prof, of Anatomy, College of 
Physicians and Surgeons, Columbia Univ. 
2d ed. Pp. 536; 357 ills., 33 in color. St. 
Louis: C. V. Mosby, 1948. Price, $10.00. 

In this edition important additions and 
changes have been made, while the gen- 
eral plan remains the same. New material 
has been added on the arterial supply and 
venous drainage of the different parts of 
the brain and spinal cord. The description 
of the thalamic subdivisions has been made 
more understandable by a series of dia- 
grams in which many of the subdivisions 
of the thalamus have been correlated wth 
specific areas of the cerebral corte.v. The 
results of the most recent research have 
been utilized in this presentation of tlie 
thalamus and will be novel to most stu- 
dents. Other interesting topics are the in- 
nervation of the meninges, the spinal mech- 
anism of micturition and the connections 
of the basal ganglia. There are 47 pages of 
bibliography but little reference is made to 
these in tlie text. This book gives one of 
the most comprehensive and detailed ac- 
counts of the minute structure of the central 
nervous system that is available for students 
and others interested in the subject. 

W. A. 

Diseases Affecting the Vulva. By Elizabeth 
Hunt, M.D., Hon. Consulting Dermatolo- 
gist, South London Hospital for Women. 
3d ed. Pp. 211; 36 iUs., 19 color plates. St. 
Louis: C. V. Mosby, 1948. Price, $7.50. 

This edition contains considerable addi- 
tions, especially to the sections on treat- 
ment. These are detailed in the preface. 
Although the Reviewer regards this as a 
useful volume, there are a number of con- 
cepts which are open to question. For ex- 
ample, sj’philis "is considered to be an 
allergic condition resulting from inocula- 
tion with spironcma paUidum". In a book 
appealing to general practitioners, bicarbo- 
nate-glycerine treatment (p. 121) for ro- 
dent ulcer might better be omitted. Aside 
from such minor points, this is a worthy 
successor to the preWous editions. H. B. 


Conference on Metabolic Aspects of Conva- 
lescence. 15th Meeting. Edited by Edward 
C. Reifenstein, Jr., M.D., Sloan-Kettering 
Institute, New York. Pp. 163; 35 ills. New 
York: Josiah Macy, Jr., Foundation, 1948. 
Price, $2.25. 

The first part of this publication is de- 
voted to a symposium on the physics, chem- 
istry, and clinical application of isotopes in 
medicine. Many fundamental facts arc 
given which are of utmost importance to 
research workers in this field. The second 
part on the endocrinological control of me- 
tabolism includes articles on steroid af- 
fects on bone metabolism; adrenocortico- 
trophic hormone therapy in panhypopitui- 
tarism; intestinal excretion during intra- 
venous alimentation, and corticoid excretion 
in Cushing’s syndrome. In all, 24 papers 
are presented. G. R. 

An Introduction to Dermatology. By G. H. 
Percival, M. D., Grant Professor of Der- 
matology, Univ. of Edinburgh. 11th ed. Pp. 
349; 233 ills. Balt.: Williams & Wilkins, 
1947. Price, $9.00. 

To THOSE of us brought up on earlier 
less dressed-up editions of the late Sir 
Norman Walter’s Introduction, Percival's 
product evokes mixed feelings. This edition 
is entirely rewritten but retains the original 
intent to present a useful, if not complete, 
system. Rarities are not stressed and Walk- 
er’s histopathologic sketches have been re- 
placed by colored photomicrographs, mostly 
in low-power magnification. There are few 
typographical errors. This edition continues 
to provide the practitioner and student with 
a pleasant introduction to a difficult branch 
of medicine. H. B. 

Gardiners Handbook of Skin Diseases. Re- 
vised by John Kinnear, O.B.E., T.D., 
M.D., M.R.C.P. (Ed.), D.L. Lecturer in 
Diseases of the Skin, St. Andrew’s Univ. 
5th ed. Pp. 250; 80 ills., 20 color plates. 
Balt.: Williams & Wilkins, 1948. Price, 
$4.50. 

In this edition of a previously well-re- 
ceived book, the author has placed much in 
little space. He attempts to classify cuta- 
neous diseases on an etiological basis and 
uses a diagrammatic method for represent- 
ing the histopathology of many of the 
processes described. The te.xt is well xvrit- 
tcn, the illustrations are clear and the vol- 
ume contains but few statements not in 
keeping with current practice. Although the 
now deprecated local use of penicillin is 
espoused, the author wisely decries the em- 
ploxTnent of sulfonamides topically. 

H. B. 
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The accurate methods available for 
determining a given patient’s need for 
oxygen therapy, and for assessing tlie 
results of oxygen administration, have 
been too cumbersome for general use 
^at tlie bedside. The attending physi- 
cian has been forced to use one or 
more of the follo\\'ing ratlier crude 
indications: (a) The presence of a dis- 
ease which may produce anoxemia, 
(b) The presence of dyspnea, (c) The 
presence of visible cyanosis (sometimes 
difficult to assess accurately),^ and (d) 
The apparent clinical response to a 
trial of oxygen tlierap)'. 

The Millikan Oximeter® affords a 
simple and accurate means for deter- 
mining the changes in arterial oxygen 
saturation, at the bedside, without the 
discomfort of arterial puncture, or the 
difficulties of conventional gas analysis. 
We have used it on the medical \s'ards 
of the Hospital of tlie University of 
Penn.sylvania to assess the need for 


oxygen tlierapy in tlie individual pa- 
tient, and to determine the method of 
oxygen administration best suited to 
his needs. 

Methods. 1. The Oodmeier: The ox- 
imeter consists essentially of a small "ear 
unit” and a galvanometer. The ear piece 
contains an electric bulb, light filters, and 
a photo-electric cell. It fits over the pinna 
of the ear with tlie bulb in front, the 
filters and cell behind. The heat gene- 
rated by tlie bulb dilates the arterioles of 
the ear and increases the blood flow suf- 
ficiently to make the ear blood equal, in 
o.xygen content, to arterial blood. The 
light generated by the bulb penetrates 
the ear and strikes the photo-electric cell. 
The filters and cell hai^e such character- 
istics that variations in the amount of 
oxyhemoglobin within the blood vessels 
of the ear are recorded continuously on 
tlie galvanometer. Present models of the 
instrument cover only half the potential 
range of saturation; hence the galvan- 
ometer is graduated from 50 to 100^. 
There is a time lag of 5 seconds in the 
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galvanometer. With these limitations, Mil- 
likan has shown by comparison with hun- 
dreds of simultaneous arterial pimctures, 
that the instrument is accurate within 3 
to 7%.s 

Although percentage changes in oxy- 
genation can be read directly from the 
instrument, absolute values can only be 
obtained by one of two procedures: (a) 
while a normal subject is breathing 100% 
oxygen, the galvanometer is adjusted to 
a reading of 100%; subsequent changes 
in the same subject during the same ex- 
periment wiU be sho\vn in absolute figures; 
(b) with an abnormal subject whose 
capacity to oxygenate his blood complete- 
ly in an atmosphere of pure oxygen is 
questionable, one must set the galvan- 
ometer at some arbitrary figure and take 
one simultaneous arterial blood sample 
for gas analysis; the matliematical differ- 
ence between the arbitrary setting and the 
actual saturation at that moment can 
then be used as a constant factor for cor- 
recting subsequent readings during the 
samerun.^o 

In the following experiments, method 

(a) was used in all normal subjects. In 
some abnormal subjects (Cases 26 and 36, 
and in a patient with the Tetralogy of 
Fallot, not included in the Tables) method 

(b) was used. In the remainder, the 
oximeter readings were recorded wthout 
a simultaneous determination of arterial 
oxygen saturation. This limited our ability 
to assess tlie original degree of anoxemia 
in these subjects. However, as wiU be 
indicated below, the percentage rise in 
the ox-imeter reading follo\ving oxy.gen 
therapy, in addition to affording an ac- 
curate method of assessing the effects of 
oxygen administration, permits certain de- 
ductions concerning the presence . of an- 
oxemia. 

2. Subjects: A total of 46 indhdduals 
was studied. Ten of these were hospital 
employees or patients who showed no 
clinical evidence of anoxemia or of any 
disease which might interfere witli the 
o.xygenation of the blood. The remaining 
36 were considered to be potentially or 
actually anoxemic as a result of diseases 
of the heart, lungs, or both. These sub- 
jects were classified accordingly as: I. “nor- 

* In IS of tile o6 abnormal patients. 


mals”; II. cardiac disease; III. pulmonary 
disease; and IV. mixed. This classifica- 
tion w.as made on the basis of the clinical 
findings, supported, in a few instances, by 
information obtained at necropsy. Ob- 
viously there is considerable overlapping 
in the last 3 groups; since there is usually 
some pulmonary involvement in advanced 
cardiac disease and vice versa. In each 
instance the assignment to a group de- 
pended on our estimate as to which factor 
was the predominant cause of the an- 
oxemia. 

S. Procedure: With the patient at 
rest in bed or in a wheel chair and breath- 
ing room air, the oximeter was attached 
to the ear. After the bulb was ht, 15 
minutes were allowed to elapse to permit 
"warming up” of the instrument and full 
dilation of the ear vessels. Pulse rates 
and respiratory rates, blood pressure read- 
ings, and circulation times* (Deebolin 
arm-tongue) were determined during this 
basal period. At the end of the 15 
minutes, the galvanometer was adjusted 
to the clinically estimated arterial satura- 
tion (from 96% in the normal group 
down to 60% in very cyanotic individ-. 
uals). Oxygen was then administered and 
the galvanometer readings recorded every 
15 seconds until there was no further 
change. The maximum rise was reached 
within 5 minutes in all but a very few 
instances, and could be maintained in- 
definitely. After continuing o.xygen ad- 
ministration from 5 to 60 minutes, it was 
discontinued abruptly and the rate and 
degree of fall in the oximeter reading 
was recorded. Pulse, respiration, and 
blood pressure were checked repeatedly 
throughout the test. 

' Since our main purpose was to compare 
the ma.ximal rise in arterial oxygen in 
different individuals, it was necessary to 
administer to all a uniform and high 
concentration of o.xygen. The B. L. B. 
(Boothby, Lovelace, Bulbulian,^) mask 
proved an acceptable method for do- 
ing this. Direct measurements of sam- 
ples withdrawn from the mask showed 
an o.xygen concentration of 90 to 97%. 
All of the graphs and most of the data 
reported here are based on the rise in 
oximeter reading observed when the pa- 
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tient suddenly changed from breathing 
room air to breathing oxygen through a 
B, L. B. mask. 

In, most subjects tire test described 
above was repeated, several times on the 
day of the first experiment. In many, it 
was repeated on several occasions subse- 
quently, in order to correlate changes in 
the oximeter response with changes in 
the patients condition. 

In certain instances in addition to the 
routine test with the B. L. B. mask, 
oxygen was administered in lower con- 
centrations, and the oximeter response 
was compared to that of the routine test. 
The Lambertson-Godfrey hood® was used 


(3) An “increased oximeter response^' 
is a rise of more tlian 5^. This we take 
as an indication of anoxemia, i.e., that 
tire arterial oxygen must have been below 
95^0 while the subject was breathing room 
air. 

Results, i. Norjiials (10 subjects). 
The patients in this group ranged in age 
from 16 to 71 years, four having been 50 
or over. Two of the older patients had 
peripheral vascular disease, and another 
was moderately hyperteilsive. None had 
symptoms nor showed any signs of cardiac 
failure or pulmonary disease. On breath- 
ing 90 to 97^ oxygen from the B. L. B. 
mask, tlie maximal increase in arterial 



' MINUTES 

Fig. 1.— Acute Cardiac Infarction. Tlie numbers at the ends of the curr-es refer to the cases 

of this sub-group. 


in a number of such experiments and 
proved capable of delivering controlled 
concentrations ranging from 30 to 85% 
by direct measurement. Oxygen w'as ad- 
ministered by nasal catlieter in a number 
of other instances, ^^'^e assumed that an 
oxj'gen inflow of 7 liters per minute by 
nasal catheter properly placed in tlie 
oropharjmx gave an inspired o.xygen con- 
centration of from 40 to 50%.*“ 

4- Terminology : In the rest of this 
paper we will use the following termin- 
ology. (1) A subject’s “oximeter re- 
sponse’^ signifies the rise in the galvan- 
ometer reading x\dien he changes from 
breathing room air to breathing 90 to 97% 
oxi'gen in a B. L. B. mask. 

(2) A “normal oximeter response” is 
a rise of 5% or less. A iiormal oximeter 
response docs not nile out anoxemia (see 
discussion). 


saturation (oximeter response) ranged from 
2 to 5 %.| This “normal” range is block- 
ed out in all of the following figures as a 
standard of comparison. 

2. Cardiac Disease (22 patients). This 
group is subdivided into (a) Acute Car- 
diac Infarcb'on and (b) Congestive Heart 
Failure. 

(a) Acute Cardiac Infarction (Fig- 
ure 1) (12 patients; Cases 1 to 12). The 
patients in tliis group had t>qiical histories 
and characteristic clinical and electro- 
cardiograpliic findings of acute m\'Ocardial 
infarction. In 3, the diagnosis was con- 
firmed at necropsy. These 12 patients 
were selected solely on the basis of their 
diagnosis, not because tliey had clinical 
evidence of anoxemia. As shown in 
Figure 1, tlieir o.ximeter responses varied 
from 3 to 13%. Nine, or 75%, showed 
an increased o.ximeter response. Pulmo- 


tComroe and otliers’-''* liave done a similar test on a larger series of normals and liav 
demonstrated a slightly greater range (2 to 6^7). 
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narj’ congestion (6 cases) and, or, shock 
(3 cases) were the 2 most obvious factors 
which were present and possibly responsi- 
ble for the anoxemia in these subjects. Of 
the 3 patients having responses of 10% or 
more. Case 5 was in shock with marked 
pulmonan' edema, Case 8 was in shock, 
his lungs were clear to physical examina- 
tion, Case 10 was in moderately severe 
congestive heart failure with pulmonar>' 
congestion. However, 4 patients (Cases 
1, 6, 9, 11) showed an increased oximeter 


response (i. e. anoxemia) without demon- 
strable signs of shock or more than a few 
rales at the lung bases. We were unable 
to find any means of predicting the ox- 
imeter response in these patients. More- 
over, there was no constant correlation 
between the oximeter response and cyano- 
sis, pulse rate, respiratory rate, or pre- 
cordial pain. 

(b) Congestive Faihci'e (Figure 2) (10 
patients; Cases 13 to 22). Vabmlar 
disease, old myocardial infarction, and 
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hypertension were the underlying causes 
of congestive failure in these patients. 
Five of them showed an oximeter response 
of from 10 to 20 fo; four rose from 6 to 
only one had a response within the 
normal range (5%). All those individuals 
whose response was greater than 10% 
were moderately to markedly cyanotic 
before being given oxygen. However, 
others who appeared to be equally cya- 
notic did not respond in this manner. 

We were unable to find any criterion, 
such as cyanosis, pulmonary congestion, 
dyspnea, or orthopnea, which would en- 
able us to predict reliably the degree of 
response. For instance. Patients 13 and 
14 were quite similar in tlreir clinical 
manifestations. Patient 13 was a man of 
56 years witli hypertension and pulmonary 
edema; Patient 14 was 65 years of age 
with degenerative heart disease and pul- 
monary congestion. Both were cyanotic 
and orthopneic. Patient 14 showed a 


20% response. Patient 13 gave a 7% 
response. 

Three patients, whose responses exceed- 
ed 10%, died, while only one, whose 
rise was under 10%, succumbed. 

3. Puhnonartj Disease (Figure 3) 
(S putien:s; Casc.s 23 to 30). All these 
patients .showed clinical and X-ray evi- 
dence of disease of the lungs. On the 
basis of their oximeter response, they 
may be divided into 2 groups: (a) four 
whose response was less than 10%, and 
(b) four whose response was greater than 
10%. The 4 with less than 10% re- 
sponse all had chronic pulmonary disease. 
All complained of a marked limitation of 
their exercise tolerance, but none had 
dyspnea or cyanosis at rest. Three of 
these (Patients 24, 25, 26) had emphysema. 
The fourtli (Patient 23) had extensive 
bilateral silicosis. 

All of the patients who showed re- 
sponses of 10% or more had cyanosis, 



Fio. 4. — Mixed Group 
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orthopnea, and tachypnea. Subject 27 
had severe emphysema and bilateral 
bronchopneumonia. Patient 28 had a 
spontaneous pneumothorax with 30^ col- 
lapse of the right lung complicating a 
chronic lesion at tlie right base which 
was thought to be due to either congenital 
cystic disease or bronchiectasis. Patient 
29 had a lobar pneumonia invohang the 
right middle and lower lobes with second- 
ary atelectasis and pleural effusion. The 
fourth patient (No. 30) had an extensive 
bronchogenic carcinoma invading the right 
middle and lower lobes, confirmed at 
necropsy. The first 3 patients in this 
subgroup improved clinically with ap- 
propriate therapy and their oximeter re- 


sponses, some of them to a very striking 
degree. This was not unexpected in 
view of the fact that all were cyanotic. 
Being a very heterogeneous assortment 
with only their anoxemia in common, no 
generalizations can be made regarding 
prognosis or treatment except for then- 
need of oxygen. Actually the 2 with 
the smallest oximeter responses are the 
only ones who have died. 

Discussion. During the war, the 
Millikan oximeter was used mainly in 
the study of normals. It has also been 
used in studying special types of cardio- 
respiratory problems.'^’^^ The experi- 
ments reported in this paper demon- 


TABLE 1. OXIMETER RESPONSES WITH VARYING 
INSPIRED OXYGEN CONGENTRATIONS. 


Myocardial 

Infarction 


B.L.B. Mask 

Xasal Catheter 

7 liters ! min. 


00-07% oxygen 

!i0-50%o o^yo^n L-G Hood 
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% response 

Oz concentration 
% response insp. air 

% response 
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9. 
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4 

9.3 

5 


5 
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— 80% oxygen cone. 

10 
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7 

4 


8 

13. 

— 80% oxygen cone. 

10 

10 

12. 

7 


1-3 

4 

3.5 


ir 

14 

8 


I!) 

7 

— 80% oxygen cone. 

0 

-30 

7 

G 


-37 

30 

-20 


•28 

-20 

— 60% oxygen cone. 

20 

31 

20 

40% o.xygen cone. 

10 

15 

33 

12 

8 


34 

11.5 

5.5 


30 

45 

— 30-33% oxygen cone. 

35 

as 

they improved. 

strate that the instrument 

is use- 


Congestive 

Failure 


Pulmonary 

Disease 


Mi.xed 

Group 


sponses diminished 
while the last showed an increase in his 
oximeter response on a second test a few 
days before death. 

J,. Mixed Group (Figure 4) (6 pa- 
tients; Cases 31 to 36). This group con- 
sists of patients with a combination of 
pulmonaiy and cardiac disease. Two 
subjects (Nos. 35, 36) had chronic disease 
of botli systems, the otlier four were pa- 
tients with chronic heart disease and acute 
pulmonan,- complications. As shoum in 
Figure 4, all members of this group 
showed definitelv increased o.ximeter re- 


ful in management of patients, since 
it affords a simple, convenient and 
rapid method for assessing tlie results 
of oxygen therapy at tlie bedside. Di- 
rect measurements of arterial oxygen 
are helpful in experimenting with this 
instrument, and die o.ximeter does not 
entirely replace such measurements. 
However, when arterial puncture and 
gas analysis are contra-indicated or 
unavailable, the oximeter response in 
a given patient is an indicator of the 
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degree of Ijenefit to be expected from 
oxygen administotion, and may be 
used to determine the concentration of 
oxygen best suited to the individual 
case. 

The following table shows the oxi- 
meter responses obtained with varying 
inspired oxygen concenti'ations. 

These figures show tliat, whereas in 
general the largest oximeter responses 
were obtained with tlie highest con- 
centi'ations of inspired oxygen, certain 
patients (Nos. 27, 28 and 36) showed 
very striking responses to lower con- 
centrations. 

Thus in selected cases, the relatively 
low inspired oxygen concenti'ations 
such as are obtainable in an oxygen 
tent or by nasal catlieter, appear to be 
therapeutically effective. However, the 
selection of such cases on clinical 
grounds alone does not seem possible. 

If it had not been for the oximeter, 
the patient described in case report 
36 might not lie alive today. This 44 
year old man with advanced pulmonary 
fibrosis had been admitted to the medi- 
cal wards 4 times between March 1946 
and January 1947 for congestive heart 
failure. In February, 1947 he was re- 
admitted very ill with anasarca, orthop- 
nea and cyanosis. He was tested witli 
the oximeter and a remarkable response 
(45 fo) was obtained with 90-97 oxy- 
gen administered by B. L. B. mask. 
This was checked by means of chemi- 
cal determinations of arterial oxygen 
saturation, and found to be accurate. 
Then by means of tlie oximeter it was 
determined tliat as little as 33^^ oxygen 
in tlie inspired air would maintain a 
30^ to 35% rise in the oximeter read- 
ing. Consequently, he was placed on 
continuous oxygen bj' nasal catheter at 
6 liters per minute, digitalization was 
maintained, diuretics discontinued, and 
his fluid intake was not restricted. A 
marked clinical improvement occurred. 
.\t the end of 3 weeks he was dis- 


charged, free of edema, and with no 
dyspnea while walking slowly. During 
the eleven months since tlien, he has 
led a quiet ambulatory life at home, 
remaining free of congestive heart fail- 
ure by using nasal oxygen tliroughout 
the night, and stopping it during the 
day. Digitalis has been continued. 
Thus tlie oximeter led to tlie discovery 
that a marked rise of arterial oxj'gen 
saturation could be obtained in this 
patient by the relatively low inspired 
oxygen concentrations obtained by na- 
sal catheter; this resulted in the in- 
stitution of a practical and effective 
method of ti'eatment. 

One rather unusual reaction to oxy- 
gen therapy was encountered which we 
believe is worth while reporting. Case 
27, a 58 year old male witli emphysema 
and chronic bronchitis, was admitted 
to the hospital acutely ill, with extreme 
cyanosis; temperature 100.2'^, dyspnea 
and orthopnea. X-ray of his chest re- 
vealed an extensive bilateral broncho- 
pneumonia in addition to tlie pre- 
existing pulmonary disease. He was 
conscious, but slightly disoriented on 
admission. Oxygen therapy was start- 
ed coincident witli tlie oximeter run. 
After 5 minutes of breathing 90 to 97 
oxygen, the patient became deeply 
comatose. His blood pressure rose to 
180/100 from a preoxygen level of 
130/70. He showed a 30% oximeter 
rise. When oxygen was stopped, he 
regained consciousness and his blood 
pressure fell to its admission level. 
This series of events could be repeated 
at will. With nasal oxygen at 7 liters 
a minute, his o.xygen saturation rose 
approximately 20% and he did not 
become comatose. Consequently, it 
was decided to use nasal oxygen for 
treatment instead of a B. L. B. mask. 
With massive antibiotic tlierapy and 
nasal oxygen, he made a rapid recovery. 
.Mter resolution of his bronchopneu- 
monia, as judged b\' both X-ray and 
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clinical signs, a final oximeter run 
revealed a response of 12%^, He was 
still slightly cyanotic as lie had been 
on examination one year previously. 
Such unusual reactions to oxygen thei'- 
apy have been described in individuals 
witli chronic anoxemia. These pa- 
tients are thought to develop a toler- 
ance to oxygen lack by means of 
changes in tlie cellular metabolism of 
their cerebral tissues. Thereafter a 
sudden increase in arterial oxygen ten- 
sion may give rise to such symptoms of 
central nervous system disturbance as 
somnolence, semi-coma or coma which 
may last for several days.”' 

An oximeter response which is sig- 
nificantly greater than the normal may 
lie accepted as evidence that an- 
oxemia is present. However, the con- 
verse is not true— a normal oximeter 
response does not rule out the presence 
of anoxemia. For instance, a lesion, in 
which blood enters tlie left side of the 
heart without first coming into contact 
witli aerated lung, will pi-oduce an- 
oxemia, which will not show a sti'iking 
response to tlie inhalation of oxygen. 
We have observed this failure to re- 
spond in a very cyanotic child witli 
the Teti-alogy of Fallot. Arterial punc- 
ture revealed an arterial oxygen satura- 
tion of 53% while breathing room air. 
Oxygen inhalation of 5 minutes' dura- 
tion gave a rise of only 5% in the 
oximeter reading. Another subject with 
an undiagno.sed type of cyanotic con- 
genital heart disease showed only a 
6% response to ox)'gen therapy despite 
deep cyanosis. 

Stagnant anoxemia due to slow cir- 
culation, in which blood lea\cs the 
heart with a normal oxygen saturation, 
but passes slov'l)' through the capillary 
bed and returns to the heart with a \ ery 
low saturation, theorefa'cally would not 
show a marked response to oxygen in- 
halation. This might explain why the 
responses seen in acute cardiac infarc- 
tion were relatively small. 


We do not believe that a small or 
“normal” oximeter response necessarily 
signifies tliat oxygen therapy is useless 
if otlier indications for it exist. In such 
critical situations as severe myocardial 
infarction, even a slight increase in the 
oxygen available to tlie damaged tissues 
may be beneficial. When such a j)a- 
tient is given a high concentration of 
oxygen to breatlie, a certain quantit)' 
of oxygen is dissolved physically in 
tlie plasma in addition to tlie meas- 
urable increase in oxyhemoglobin. The 
sum represents a substantial increase 
in tlie oxygen available for utilization," 
However, a patient vidi a small ox- 
imeter response is probably less likely 
to derive benefit from oxygen therapj' 
than a patient with a great response. 

The studies reported in this paper 
indicate that many patients with dis- 
ease of the heart, lungs, or botli, show 
an abnormally high oximeter response. 
In general, tliose \Wth cardiac infarc- 
tion showed tlie smallest oximeter re- 
sponse; the patients with congestive 
failure, small to moderate response; 
those with pulmonary di.sease varying 
response. The most striking results 
were seen in patients with a combina- 
tion of pulmonary and cardiac disease. 
Thus the diagnosis of tlie pathological 
process underlying the anoxemic state 
may give some hint as to the probable 
response to oxygen. However, there 
are many individual variations. 

In an attempt to improve our ability 
to predict the response in any given 
individual we ha\’e tried to correlate 
l arious clinical signs with the obser\ ed 
re.sponse in these patients: 

(a) Ci/amms: In the groups with 
pulmonary edema, extensive primary 
pulmonary disease, and in the nii.ved 
group, there was a fairl\- good correla- 
tion betiveen the degree of c\'anosis 
and degree of response. However, 
cyanosis, except in marked degree, is 
difficult to evaluate." Patient 26 was 
thought to be definitely cyanotic In- 
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two of the authors. Yet he showed 
only a 6% response to 97 fo oxygen 
and his arterial oxygen saturation while 
breathing room air was found to be 
94.3% by direct measurement. Con- 
versely Patient 35, in whom cyanosis 
was regarded as mild, showed a very 
marked response (22%). 

(b) Pulmonary congestion: There 
was no correlation between tlie ox- 
imeter response and the presence of a 
few pulmonary rales, but frank pulmo- 
nary edema was always associated with 
an increased response, though in some 
cases tlae increased response was mini- 
mal (Cases 13, 20 and 21). 

(c) There was no correlation between 
blood pressure and the oximeter re- 
sponse except in a few patients witli 
myocardial infarction and in Case 27 
(see above). 

(d) The Decholin arm-tongue cir- 
culation time was determined in a total 
of 18 patients. It was found to be 
prolonged in 7 cardiac patients, normal 
in 7 out of 8 pulmonary patients, and 
prolonged in 3 of die mixed group. It 
was of no obvious value in predicting 
the oximeter response. 

(e) Pulse rate was markedly lowered 
in only 6 patients during the test 
(Nos. 9, 10, 31, 32, 33, 35). Respiration 
was significantly lowered in two (Nos. 
16, 30). Therefore, diese two signs 
M'ere not frequently enough altered to 
lie reliable indicators. Howe\'er, it 
must be emphasized that the period 
covered b)' each test was brief and 
more significant alteration, especially 
in pulse rate, might ha\’e been noted 
had tlic test period been longer. 

Thus cyanosis and pulmonaiy edema 
when present w'ere usuall)' associated 
with a significant increase in oximeter 
response. In their absence, no other 
signs proved reliable for purposes of 
prediction. 

The ^■alue of oxygen therapy to pre- 
vent anoxemia in anaesthesia, post- 


operatively and in elderly individuals 
with pulmonary disease, is well estab- 
lished. In such cases the oximeter 
may be of value in detecting small de- 
grees of anoxemia, altliough ideally 
oxygen therapy should be instituted 
prior to the development of anoxemia. 

The oximeter may be used in negroes, 
but preliminary tests suggest that tlie 
magnitude of the change in tlie ox- 
imeter reading is less than the actual 
change in arterial saturation. 

Summary. (1) Changes in arterial 
oxygen saturation were measured b>' 
means of the Millikan Oximeter in 10 
‘normal” subjects and 36 patients witli 
cardiac and, or, pulmonary disease ( a ) 
breathing room air and (b) breathing 
90 to 97% oxygen. 

(2) The normal “o.vimeter response” 
which we observed as a result of tlie 
subject changing from room air to 90 
to 97% oxygen was 5% or less. 

(3) Patients suffering with a combina- 
tion of both pulmonary and cardiac 
disease showed the most marked ox- 
imeter response to oxj'gen therapy. 
Those with extensive pulmonary dis- 
ease, or pulmonary edema secondary to 
cardiac failure, showed moderate re- 
sponse. Patients widi acute cardiac 
infarction showed relatively small re- 
sponses, although tlie majoritj' (75%) 
were above the normal range. 

(4) Some patients show remarkable 
oximeter responses to relatively low 
insiiired o.xygen concentrations. 

(5) There are certain clinical factors 
(tiTpe of disease, presence of pulmonari- 
congestion, cx'anosis) which are of some 
help in predicting and in e\-aluating the 
results of oxygen therapy. However, 
in many instances the results of oxygen 
inhalation cannot be predicted, nor 
can tliey, as a rule, be accurately eval- 
uated by ordinary clinical methods. 
The o.ximeter permits the ei’aluation of 
results; it has not helped much in 
teaching us to predict the results. 
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(6) An oximeter response greater 
tlian normal indicates the presence of 
anoxemia, and signifies tliat thera- 
peutic benefit may be expected from 
oxygen therapy, roughly commensu- 
rate with the degree of tlie response. 
A normal oximeter response does not 
rule out anoxemia. It suggests that 
oxygen therapy will probably be less 
strikingly beneficial. However, a nor- 
mal oximeter response does not neces- 


sarily indicate that no benefit will be 
obtained from oxygen inhalation. 

(7) Thus the oximeter enables the 
physician at the bedside to determine 
the efiFectiveness of oxygen therapy 
more accurately tlian by clinical evalua- 
tion, and in certain instances permits 
him to recognize the presence of an- 
oxemia which might otherwise have 
been overlooked. 
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The presence in the peripheral 
blood of a substance having pharma- 
cologic and toxicologic properties in- 
distinguishable from histamine is a 
matter of considerable interest. That 
such an H-substance does exist in meas- 
urable quantity has been repeatedly 
demonsti’ated and Code and Ing'* have 
isolated from whole blood what is ap- 
parently the crystalline dqiicrate salt 
of liistamine itself. The term “blood 
histamine” will be used tliroughout tliis 
report to denote the active substance 
responsible for contracting guinea pig 
ileum when blood has been extracted 
according to Code’s® method for deter- 
mining blood histamine. 

Under ordinary circumstances the 
blood histamine resides in the cellular 
component of blood, where it exists in 
bound form and is pharmacologically 
inactive. The eiy'tlirocytes have been 
demonstrated to have a relati\'e poverty 
of histamine activity as ha\'e by infer- 
ence the blood l)'mphocytes, since nor- 
mal or low values ha-v'e been found in 
lymphatic leukemia.-'’ The blood 
lilatelets in most species studied are 
also iioor in histamine activity but in 
the rabbit it is possible tliese elements 
may contain considerable quantities of 
histamine.^--’'^-®^ The myeloid leu- 
kocyte, howe\'er, contains the majority 


of tlie blood liistamine in most animals 
and in man^’®'®''^'®^ and die blood of 
human patients widi myeloid leukemia 
may possess histamine activity a hun- 
dredfold or more greater than that of 
blood of noimal subjects.®-®® 

Under special circumstances, die 
blood histamine may be liberated from 
its inactive form in the cells to a free 
state in the plasma or serum where it is 
pharmacological!)' active. Appreciable 
amounts of free histamine are found in 
blood plasma after anaphylactic shock 
in certain species,® and tiiqisin injected 
intravenously is cajiable of liberating 
histamine from blood cells® as well as 
from odier tissues.®® Histamine may 
pass from cells to plasma in A'itro when 
peptone®®’^® or proteolytic enzymes such 
as tr)'psin^®'®”'^®'® or papain®^ are added 
to blood, or when specific antigen is 
incubated for a short period widi sen- 
sitized blood.^'^’^® Plasma histamine also 
increases during reactive In'peremia 
and muscle contraction in man.® 

It has also been repeatedly stated 
that histamine release from cells to 
serum occurs when blood coagulates. 
Many investigators have noted phar- 
macologic acti\’ity in senim which was 
not present in plasma. It is not suitable 
to review here die literature relative 
to such differences between serum and 


® This paper is based on work performed under Coniract Number W-T.501-enc-'«9 for the Atomic Ehero- 
Project at the University of Rochester. Rochester, New York. 

t Formerly .Associate Professor of Medicine, Uaiversity of Rochester Medic.al School, Rochester. New York. 
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plasma in \dew of the numerous dis- 
cussions already available. Suffice it 
to say that while part of the activity 
present in serum has been clearly shown 
to be due to substances other than 
histamine/®’®- the latter has none the 
less been suspected of being partially 
responsible for the pharmacologic 
properties obseiwed. Code'*’® in 1937 
found that 69 to 90% of the total 
blood histamine in rabbits passed from 
cells to serum when blood was allowed 
to clot and in a single experiment dem- 
onstrated histamine in human serum. 
The results in rabbits are of course 
somewhat clouded by the possibility 
that the platelets of this species may 
contain appreciable amounts of hista- 
mine. Grana and Rocha e Silva^® have 
reported confirmation of Code’s ob- 
servations and Selle®® in an extensive 
review has stated tliat histamine hbera- 
tion from cells is associated with coagu- 
lation of blood. Anrep and co-workers^ 
could not find histamine in human 
serum and Reid^® has recently con- 
cluded that in the serum of man (and 
in certain animal species) tlie main sub- 
stance stimulating guinea pig jejunum 
is not histamine. 

It was the purpose of this investiga- 
tion on human subjects (1) to determine 
the effect of coagulation on tlie partition 
of histamine behveen cells and serum, 
and (2) to investigate the blood hista- 
mine levels in certain disease states and 
if possible to correlate the differential 
leukocyte picture wtli tlie level of 
blood histamine. In connection xvith 
the primary’ objecti\'e it was felt that 
reports of histamine liberation as a 
phenomenon associated with tlie coagu- 
lation of blood were of considerable 
interest and wortliy of furtlier investi- 
gation. Tliere was no obvious e.xplana- 
tion as to why the entrapment of 
leukocj-tes within a fibrin mesh should 
result in loss of their histamine unless 
some biochemical process incident to 
blood clotting was responsible. The 


fact that proteolytic, trypsin-type en- 
zymes have been suspected by some^^’®® 
to play an important r61e in the coagu- 
lation of blood and that similar enzymes 
have been demonstrated as capable of 
releasing histamine from blood cells to 
plasma fostered the hope that studies 
on the partition of histamine after 
coagulation might give some clue as to 
tlie presence or absence of such enzyme 
activity during clotting. 

Methods. In the partition studies, blood 
was witlidrawn witliout stasis into a clean 
dr}’ syringe from the antecubital veins of 4 
normal adults, one patient with leukocytosis 
and bladder malignancy, and 2 adults with 
chronic myelogenous leukemia. In one of 
the patients with chronic myelogenous leu- 
kemia 2 separate determinations were made- 
one shortly before and one shortly after a 
course of radiation. Blood was always care- 
fully handled to avoid trauma in so far as 
possible. Suitable samples of whole blood 
(nev'er less than 10 cc. in the case of normal 
individuals) were placed directly and with- 
out anticoagulants into trichloroacetic acid. 
In each instance the remainder of the blood 
obtained was placed in a clean glass flask con- 
taining glass beads and defibrinated by gen- 
tle rotation of the flask. The clotted defibrinat- 
ed blood was then transferred, beads, fibrin 
and all, to a clean tube and centrifuged at 
2500 to 3000 r.p.m. for 8 to 10 minutes. 
Suitable serum samples were obtained b}' 
pipetting off the serum down to 1-2 cc. 
above the cell-serum interphase. These senim 
samples were likewise placed in trichloroacetic 
acid and treated in a manner identical to that 
employed with whole blood. The amount of 
serum available for e.\traction was never less 
than 7 cc. in tlie case of normal individuals, 
was 3.5 and 7.5 cc. respectively in the 3 deter- 
minations made on the leukemic blood and 
5 cc. in the determination made on the pa- 
tient with bladder malignancy and leukocy- 
tosis. In tlie leukemic patients, a well defined 
white cell layer separating erythrocytes from 
serum was readily apparent when the clotted 
defibrinated blood was centrifuged. In all 
determinations made on these patients addi- 
tional samples were taken from this leuko- 
cyte rich layer after defibrination and cen- 
trifuging. It was possible to determine in this 
way if the leukocytes still retained their his- 
tamine after clotting. In all instances the cells, 
scrum and clot were allowed to remain in 
c-ontact appro.ximately 25 to 30 minutes from 
the time clotting began. 
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In Gvcry experiment except one, total and 
differential leukocyte counts were made on 
each whole blood specimen assayed. Total leu- 
kocyte counts were made on each serum sam- 
ple with one e.xception, and on the leukocyte 
rich samples obtained from leukemic blood 
after defibrination. 

In an associated group of studies, whole 
blood histamine values were obtained from 
subjects witli a wide A'ariety of disea.se states. 
In such studies 5 to 10 cc. of whole blood 
were placed directly in trichloroacetic acid 
without the addition of anticoagulants. All 
specimens in each experiment were extracted 
b}’ Code’s modification® of the method of 
Barsoum and Gaddum and assaj'ed on atro- 
pinized terminal guinea pig ileum suspended 
in 2*/^ to 3 cc. of Tjnrode's solution. Serum 
samples were extracted in the same manner as 
whole blood in order to be certain as nearly 
as possible that the activih' assayed was due 
entirely to histamine. 


it is realized that if histamine were 
liberated nearly quantitatively from 
cells to serum, each cc. of serum from 
the normal individuals should contain 
the amount of histamine originally pres- 
ent in slightly less than 2 cc. of whole 
blood. While the results are sufBciently 
definite in normal subjects, the deter- 
minations are given added significance 
by the enormous differences in serum 
and whole blood histamine observed 
in individuals with myelogenous leu- 
kemia. In the latter cases, it was also 
possible to demonstrate tliat the mye- 
loid leukocytes still contained large 
amounts of histamine after defibrina- 
tion. It appears reasonable to state 
that in man there is little or no libera- 


TAHi.r J — HISTA^n^■^, DcTEnMiN'ATioN i.s‘ Subjects o.v Wnoi.r. Blood Bi:i"r>Hr. Ci.oiTi.vf; 

AND ON SKIIUM AVTKll Cl-OTTINO AND Dr.FIHUINATION 

Leukocjte coiintv Histamino in 


Patient 

-■^go 

Diagnosis 

Sample 

per cu. mm. 

gamma per ce, 

W.N.V. 

29 

Normal 

Whole Blood 


0.079 



Scrum 


0.015 

R.P. 

.32 

Normal 

Whole Blood 

G.250 

0.057 



Scrum 

200 

0.013 

w.s.a. 

27 

Normal 

Whole Blood 

0,550 

0.070 


Scnim 

50 

0.012 

C.G.C. 

25 

Normal 

Whole Blood 

6,430 

0.09 



Scrum 

50 

0.01 

a.k. 

30 

Cancer of bladder 

WTiole Blood 

20,550 

0.088 

Bladder infection 

Scrum 

50 

0.016 

J. R.” 

34 

Chronic Myeloid 

MTiolc Blood 

128,000 

8.00 


Leukemia 

Scrum 

0 

0.15 




Leukoode- 
rich layer t 

258,000 

7.10 

J.R.t 

34 

Chronic Myeloid 

VTiole Blood 

36,000 

2.12 


Leukemia 

Scrum 

100 

O.'lO 




Leukocyte- 
rich layer i 

109,500 

5.55 

W.C.G. 

30 

Chronic Myeloid 

Whole Blood 

164,000 

1.32 


Leukemia 

Scrum 

150 

O.OCG 




Lcukocytc- 
rich layer t 

320,000 

3.57 

KEY: 

® before course of radiation. 






t after course of radiation. 

i from upper cellular layer of defibrinaled blood after centrifuciun. 


Effect of Clotting on Partition of 
Histamine BET^^T:EN Cellular and 
Fluid Components of Human Blood. 
The data are summarized in Table 1. 
All histamine x'alues are in gammas of 
histamine base per cubic centimeter of 
sample. 

It is seen tliat in every instance only 
a x-er>' small fracdon of the original 
cellular histamine has appeared in the 
serum after coagulation. Tlie differen- 
tial between whole blood and serum 
histamine is e\'en more striking when 


tion of histamine occurring as a result 
of coagulation of blood per se. and that 
important pharmacological activity due 
to histamine in serum obtained xntliin 
30 minutes of clotting under the condi- 
tions of diese e.vperiments does not 
e.vist. Tlie presence of relatively enor- 
mous amounts of histamine in the white 
cell layer of centrifuged defibrinated 
leukemic blood supports tlie now gen- 
erally accepted view tliat in man the 
majority of histamine is found in tlie 
myeloid leukocyte. Since clottinc has 
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occurred, platelets cannot be said to 
be an important element in this white 
cell layer. 

The failure to observe histamine re- 
lease from cells to serum during coagu- 
lation does not support the concept that 
a proteolytic enzyme of the trypsin type 
is an important factor in coagulation 
of human blood. Trypsin and certain 
other proteolytic enzymes, it is now well 
estabhshed, have the ability to hberate 
histamine from cells.®’^®-^®’-' The data 
do not exclude the possibility that some 
proteolytic enzyme not capable of pro- 
ducing histamine release is concerned 
in coagulation of human blood. In- 
deed they do not preclude that an 
amount of trypsin or trypsin-hke en- 
zyme large enough to play a role in 
coagulation was present, but that this 
was not in sufficient concentration to 
produce histamine release. These pos- 
sible quantitative considerations must 
await further investigation. The rela- 
tionship of the amount of trypsin neces- 
sary to promote coagulation on tlie one 
hand and to release histamine on the 
other may ser\'e as a convenient clue 
to its presence or absence in tlie coagu- 
lation mechanism. 

Studies on Blood Histamine Le\'els 
IN Human Paiients. Surv^ey determina- 
tions have been made on patients with 
the following sjmdromes or diseases: 
chronic and acute myelogenous leu- 
kemia, chronic lymphogenous leukemia, 
reticulum cell sarcoma, leukopenia of 
undetermined eitology, multiple mye- 
loma, idiopathic thrombopenic purpura, 
Mikulicz sjTidrome, Rajmaud’s disease, 
idiopathic hj-poprothrombinemia, tri- 
chinosis, pernicious anemia in relapse 
and after tlierapy, idiopathic non- 
thrombopenic purpura, carcinoma and 
infection of tlie bladder, Hodgkin’s dis- 
ease, Addison’s disease, pneumococcal 
pneumonia, and macrocj'tic anemia 
\Hth eosinophilia of undetermined 
ctiologj’. In all instances total and 
differential leukocyte counts were made 


at approximately the time blood was 
withdrawn for histamine studies. No 
attempt was made to investigate 
patients with allergic disease since re- 
ports are available on this group of in- 
dividuals. 1T.22,23 

While most normal individuals have 
blood his tamine levels below .08 gamma 
histamine base per cc. of whole blood, 
we have eonsidered only those patients 
with levels in excess of 0.10 gamma per 
cc. to have grossly abnormal values. 
By such a criterion, with tlie exception 
of patients ivith myeloid leukemia, only 
one individual studied had an abnor- 
mally high blood histamine level. This 
individual had a macrocytic anemia, 
leukocytosis of 23,600 per cu. mm. with 
eosinophilia, and the diagnosis was not 
clear. The blood histamine level in 
diis instance was 0.18 gamma per cc. 
of whole blood. The patient ultimately 
died outside the hospital and no 
autopsy was performed. 

It is clear that there is no close 
correlation between total or differential 
leukocyte count and the blood hista- 
mine. It was true in our series that 
individuals \vith very low numbers of 
granulocytes often had very low blood 
histamine values, but tliis is difficult 
to evaluate since normal subjects may 
also have markedly low histamine levels 
at times. However, wliile subjects with 
higher granulocyte counts tended to 
have somewhat higher histamine 
values, there was by no means a pro- 
portionate increase. Thus the blood 
histamine of a patient with carcinoma 
and infection of the bladder who had 
a total leukocyte count per cu. mm. of 
20,500 wth 80% granulocytes was 0.088 
gamma per cc. The blood of a patient 
wth 15,800 leukocytes per cu. mm. and 
85% granulocytes contained but 0.05 
gamma per cc., less than that of some 
normal subjects with normal counts. 
Nor was there close correlation found 
wuth any particular member of the 
granuloc>'te series. For example, one 
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patient with ti'ichinosis and an abso- 
lute eosinophilia of 6300 per cu. mm, 
had a blood histamine level of but 0.03 
gamma per cc, of blood while another 
individual with Hodgkin’s disease and 
5300 eosinophils per cu. mm, exliibited 
a level per cc. of 0.10 gamma. The pa- 
tient with the elevated blood histamine 
of 0.18 gamma per cc. also had an 
absolute eosinophilia of 6500 per cu. 
mm. This lack of close correlation 
with total or differential leukocyte 
counts becomes even more apparent in 
patients witli chronic myelogenous leu- 
kemia where liistamine values of tre- 
mendous magnitude were obtained. 
Table 2 shows the findings in this 
group. 


in numbers of cells cannot explain the 
tremendous amount of blood histamine 
in some cases of myelogenous leukemia. 
Thus, eomputing from normal values, 
the total cell count in J. R. and in F. T. 
cannot adequately explain the marked 
increase above normal of tlie blood his- 
tamine. The individual cells must con- 
tain much more histamine than normal 
cells, but whether this is limited to cer- 
tain stages of cell development or is a 
general phenomenon cannot be ascer- 
tained from our data. 

It is interesting to speculate on tlie 
significance of the histamine content of 
the myeloid leukocyte both in normal 
individuals and in patients with myelo- 
genous leukemia. Little is knoMm of the 


TABr,E 2 — Totai. and Diffeuential Leukocyte Counts axu Blood Histamixf. Values ix Human 
Subjects M'itii Cmioxic MvELOcrxcus Leukesha 

Histamine base 



Total WBC 










in j’.amma per 

Patient 

Date per cu. mm. 

Bas. 

Eos. 

Bl.ast 

Myelo. Juv. 

Stabs. 

SeK. LjTnphs, Monos. Other 

cc, whole blood 

W.C.G.® 

7- 2-4 G 

199,500 

2.5 

2.0 

0.5 

21.5 

17.0 

33.0 

33.0 

2.0 

0.0 1.0 

2.5 

W^C.G.“ 

10-21-46 

164,000 

2.0 

1.0 

0.0 

18.0 

13.5 

28.0 

35.0 

2.0 

0.0 0.5 

1.32 

J.R.o 













before 

9-17-46 

128,000 

5.5 

2.0 

2.0 

18.0 

21.5 

32.5 

14.0 

3.5 

0.0 1.0 

8.0 

x-ray 




a 









J.R.® 













after 

9-30-46 

36,000 

2.0 

2.5 

0.0 

13.5 







x-ray 













F.T. 

11-12-46 

177.000 

2.5 

4.0 

1.0 

24.5 

5.5 

26.0 

43.5 

4.5 

0.0 2.5 

2.12 

® Same 

patient where initials are the 

same. 

14.0 

30.0 

31.5 

2.0 

0.0 0.5 

3.7.5 


It is readily apparent that differen- 
ces in differential cell types or total 
leukocyte counts do not permit any con- 
clusions as to which members of tlie 
granulocyte series are richest in hista- 
mine content. It is of interest that the 
blood histamine level of J. R. fell almost 
proportionately widi tlie leukocyte 
count after roentgen radiation tlierapy. 
In addition to tlie above, one patient 
with acute myelogenous leukemia wms 
studied. The total leukoc)i:e count 'vas 
only 9700 per cu. mni. with 12% blast 
cells. The blood histamine level was 
0.10 gamma per cc. of blood— at upper 
limits of normal or perhaps slightly 
above. In a single case of chronic Em- 
phatic leukemia with 475,000 cells per 
cu. mm. the blood histamine w'as low^— 
0.025 gamma per cc. of whole blood. 

It is also apparent tliat mere increase 


physiologic functions, if any, of hista- 
mine within the body. How^ever, there 
is probably sufficient histamine within 
the myeloid leukocytes of many normal 
individuals to produce significant ef- 
fects if any large portion of it w^ere sud- 
denly liberated.^'’ In anaphylactic re- 
ach’ons histamine liberated from blood 
cells may be added to that liberated 
from otlier tissues. Tlie extremely large 
amounts of blood histamine found in 
patients with myelogenous leukemia, if 
liberated rapidly, could most certainly 
result in profound clinical symptoms. 
In ^iew’^ of the probability' tliat there is 
a rapid turnover of leukemic leukocytes 
within the body, one can but wonder 
what effect tlie liberation of histamine 
may have on the economy of tliese pa- 
tients. In the case of normal individuals 
with localized pyogenic infection it is 
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possible that the cardinal signs of in- 
flammation may be partly due to the 
breakdowm of large numbers of myeloid 
leukocytes wth local liberation of hista- 
mine. Certainly, the so-called “cold 
abscess” in which the non-histamine 
containing mononuclear is the predomi- 
nant cell tj'pe involved presents far dif- 
ferent cUnical manifestations than the 
pyogenic abscess with its predominant- 
ly granuloc}’tic exudate. 

Summary. Data are presented on the 
partition of blood histamine before and 
after clotting and on the correlation of 
blood histamine levels vdth the blood 
leukocyte picture in health and disease 


states. The data support the now gen- 
erally accepted view that most of the 
blood histamine in man is found in the 
myeloid leukocyte. Tliey show that 
there is little if any transfer of hista- 
mine from cells to serum when human 
blood is allowed to clot. Tremendous 
elevations in blood histamine were 
found in patients with chronic myelo- 
genous leukemia, but no close correla- 
tion was obtained between the level of 
blood histamine and the total or diflFer- 
ential leukocyte count. The possible sig- 
nificance of the presence of appreciable 
amounts of histamine wdthin the mye- 
loid leukocyte is discussed. 
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The cellular structure of lymphatic 
tumors is extremely labile, and trans- 
ition from one apparently distinct type 
to another is frequently observed. This 
is not surprising, when one appreciates 
that all cellular components of lymph- 
atic tissue are derived from the same 
mesenchymal stem cells. Attempts to 
subdivide these interrelated tumors on 
the basis of rigid histologic criteria 
have resulted in a confused nomencla- 
ture which serves onlv to cloud the 
facts. Radiologists and clinicians, even 
many experienced pathologists, prefer 
to regard the subgroups as separate 
neoplastic entities. Thus, a differential 
diagnosis between Hodgkin’s disease 
and reticulum cell sarcoma, or be- 
tween lymphosarcoma and chronic 
lymphatic leukemia, would seem to 
make a great deal of difference; actual- 
Iv it makes little or none. Thev are all 
malignant mesenchymal tumors which 
^'ar)' only in degree and h'pe of dif- 
ferentiation. 

The views that we are presenting are 
not new. As earlv as 1906 Gibbons re- 
garded Hodgkin’s di.sease as a variant 
of lymphosarcoma, and the following 
\'ear Cole\- suggested that the term 


“Hodgkin’s disease” be dropped in fa^'- 
or of “lymphosarcomatosis.” Ginsburg 
(1934) came to the conclusion that 
"biologically, Hodgkin’s disease varies 
in no fundamental characteristic from 
lymphosarcoma. Whatever variations it 
may present at times are merely \'ari- 
ations that one would e.vpect to find in 
any disease affecting different indi- 
\’iduals under different constitutional 
and environmental conditions.” 

In 1913 Oliver added “endothelioma” 
(reticulum cell sarcoma) to the group, 
and Warren and Picena (1941) clearly 
demonstrated the steps which linked 
reticulum cell sarcoma with lympho- 
sarcoma. although they omitted Hodg- 
kin’s disease which thev considered “a 
more complicated process and still con- 
troversial.” Earlier, however, Callend- 
er (1934) implied that reticulum cel! 
sarcoma and the sarcomatous form of 
Hodgkin’s disease were closely allied. 
The relationship lietween Hodgkin’s 
di.s'ease, lymphosarcoma, and reticulum 
cell sarcoma, mms .sIiomti by Herbnt, 
Miller, and Erf (1945), who de.scribed 
6 cases “that at one time during the 
li\cs of the patients were diagnosed 
Hodgkin’s disease and at another time 
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as l}'mpliosarcoma, and that at autopsy 
showed \'arious combinations of Hodg- 
kin’s disease, lymphosarcoma and reti- 
culum cell sarcoma.” They considered 
“the three diseases as arising from a 
common stem cell— the reticulum cell— 
and then differentiating in one direction 
or another according to the amount and 
type of stimulation.” 

Malloiy' (1914) proposed the term 
“malignant lymphoblastoma” to include 
lymphosarcoma, lymphatic leukemia, 
and Hodgkin’s disease; two years later 
Warfield and Kristjanson described a 
case which featured all three of these 
^■ariants, a patient ^wth a typical lym- 
phosarcoma in whom a lymphatic leuk- 
emic blood picture developed and 
whose a.\illar)' lymph nodes, removed 
shortly before death, presented the 
histologic appearances of Hodgkin’s 
disease. Richter ( 1928 ) observed a case 
of “generalized reticular cell sarcoma 
of lymph nodes associated with lymph- 
atic leukemia,” while Gittins and 
Hawksley (1933) reported the coe.x- 
istence in a child of reticulum cell 
sarcoma and monocytic leukemia. 

Warthin (1931) stated “that Hodg- 
kin s disease is a neoplasm and relat- 
ed genetically to tlie lymphoblastomas, 
of which both the aleukemic and leu- 
kemic forms are identical pathological- 
ly; and that mycosis fungoides is like- 
wise a neoplasm belonging to the same 
generic group. The essential difference 
behveen these different clinical forms 
consists in different degrees of dedif- 
ferentiation and entdifferentiation, and 
the organ or tissue primarily involved. 
Transition forms exist between all of 
these groups, and one tvpe may be 
transformed into another.” Warthin’s 
inclusion of mycosis fnngoides in the 
group was supported by the papers of 
Wile and Stiles (193.5) and MacCor- 
mac (1911). each of which contained 
the description of a mutation from this 
condition to Hodgkin’s disease. 

\\'e found only one reference to 


fibrosarcoma as an associated \'ariant 
among the lymphomas, a situation that 
we encountered 8 times in our series. 
Fraser and Meokie (1933) described 
their Case 10 as having had a biopsy 
performed which was typical of Hodg- 
kin’s disease. At autopsy “in some parts 
the histological appearances were un- 
equivocally those of Hodgkin’s disease, 
but in other parts tlie tissue was al- 
most wholly composed of immatm'e 
fibroblasts, with here and there a dis- 
torted though plainly reeognizable 
Dorothy Reed cell.” 

The most labile of all lymphatic tum- 
ors is the follicular lymphoblastoma 
which rarely retains its identity' 
throughout tlie course of the disease, 
but at some unpredictable time under- 
goes transition to lymphosarcoma, reti- 
culum cell sarcoma, ly'mphatic leukem- 
ia, Hodgkin’s disease, or combinations 
thereof. Sy'mmers (1938) (1941) (1942) 

( 1948 ) described such transformations. 
Recently', under the title “Manifold 
Manifestations of Reticulo-Endothelial 
Disease,” Tedeschi and Carnicelli re- 
ported a case showing first a “cerx'ical 
granuloma which disclosed tire char- 
acteristic pattern of Hodgkin’s disease; 
then acute hemolytic anemia, which 
successfully responded to splenectomy, 
and last a recurrence of the cer\'ical 
granuloma in association with giant 
follicular lymphadenopathy.” 

Material. For some years we have been 
aware of tlie fluidity e.visting among tumors 
of lymphatic tissue. An assignment to ex- 
amine and render a report on all lymphatic 
and hemopoietic tissues submitted to the 
Army Institute of Pathology during the recent 
war offered a unique opportunity to study this 
problem in detail. Tlic number of cases was 
statistically' significant, and in many the course 
of the disease could be followed through the 
medium of one or more biopsies to the 
autopsy. Records in most instances were 
good, and the tissue samples adequate. 

The study’ was centered principally .around 
Hodgkin’s disease. Any case in which this 
diagnosis was not completely acceptable on 
the basis of either biopsy or autopsy speci- 
mens was discarded. The final Hodgkin’s ma- 
terial. comprised 700 cases as follows: 



Hodgkin’s disease and otheu eympiiatic TU.MOiis 


027 


Autopsy Series: 

Cases 

Witli no biopsy 

62 

With 1 biopsy 

113 

With 2 biopsies 

21 

With 3 biopsies 

4 


200 

Biopsy Series: 


One biopsy 

431 

Two biopsies 

60 

Three biopsies 

9 


500 


The serial biopsies served to augment tlie 
biopsy-autopsy material in the study of trans- 
itions from one variant to anotlier, while the 
single biopsies proved valuable in determin- 
ing tlie incidence of several histologic patterns 
in the same lymph node. 

An additional series of 600 cases con- 
tained lymphomas apart from Hodgkins dis- 
ease (follicular lymphoblastoma, Ijanphosar- 
coma, reticulum cell sarcoma, lymphatic leu- 
kemia, monocytic leukemia). This group in- 
cluded cases displaying transitions and com- 
binations among themselves, and furnished 
data with which to complete our scheme of 
interrelationship (Fig. 1). 

Careful note was made of treatment given 
the patients, especially with radiant energy. 
A significantly large group had received no 
treatment and could be used as a control. 
Radiotherapy apparently had no influence 
cither in initiating or deterring transitions. 
Naturally occurring fibrosis sometimes e.v- 
ceeded that obser\'ed in hea^^ly irradiated 
patients, and little or no fibrous reaction was 
apparent in the tumors of others who had re- 
ceived large doses of Roentgen-rays. 

Terminology and Histologic Cri- 
teria. We grouped our cases of Hodg- 
kins disease according to the histologic 
classification of Jackson and Parker 
( paragranuloma, granuloma, sarcoma ) 
on the basis of tlie predominating mic- 
roscopic pattern, e\^en though tlie pic- 
ture was a mixed one in many instances. 
Thus we could include considerable 
changes in cellular structure within 
this single disease categorjx 

Hodgkin's paragranuloma is charac- 
terized by a partially to completely ef- 
faced nodal pattern, with small liTTiph- 
ocytes predominating, along with a 
scattering of plasmacytes. reticulum 
cells, and Rced-Steniberg cells (Plates 


IB, 2A, 3A, 8A). Hodgkins granidoma 
is the oldtime te.xtbook picture tliat 
needs no further elaboration (Plates IB, 
2B & D, 3B, 4D, 5A, 6A, 7A, lOB & C). 

We did not find any fundamental dif- 
ference between Hodgkin’s sarcoma 
and reticulum cell sarcoma, and conse- 
quently used the terms synonymously 
in our scheme (Fig. 1), irrespective of 
the fortuitous occurrence of tumor 
giant cells that could be regarded as 
Beed-Sternberg cells. Both reticulum 
cell and Hodgkin’s sarcoma showed 
variants from an anaplastic, syncytial 
pattern to a v'ell differentiated reticul- 
um cell structure (Plates IE, 2D, 3C & 
D, 5B & C, 6B, 7B, 8D, lOA, HD). 

Follicular lymphoblastoma is a 
lymphatic tumor, localized or multi- 
centric, in which there is differentiation 
to follicles, to be distinguished from 
reactive hyperplasia of follicles, tliough 
sometimes with difficulty. Striking 
numerical (not necessarily dimension- 
al) increase in follicles, distortion of 
nodal pattern, and absence of phago- 
cytosis widiin follicular centers serve to 
distinguish tlie tumor (Plates lA, IIB). 

Lymphosarcoma denotes tumors 
made up of relati\'ely uniform round 
cells which may be small, well differ- 
entiated lymphocytes (lymphocytoma) 
or large, anaplastic lymphocytes 
(hanphoblastoma) (Plate SC & E, IIC). 

Lymphatic leukemia differs only 
in being a more generalized neoplasia 
without striking local tumefaction, 
with or without the appearance of 
lymphoid cells in the circulating blood 
(Plate llA & C). The same relation- 
ship e.xists between monocytic leukemia 
and reticulum cell sarcoma as regards 
the type of proliferating cell. 

These terms are useful, but only to 
designate the predominating histologic 
pattern of a lymphoma at the time of a 
particular e.xamination of tissue and 
blood. 




ri.ATr. 1.— Wlu'tr* frmal*'. 3 j. Dnrntinn 23 montiK. Hadiothfrnpy 7000 r. 

A. I't (l>Tnr1j ncKir); Kolliinlar KmpliolilaNlonia; lnrc<*. iloM-ly pnckrO l>'niplioid noduIo< 

uniformly di'tnljtitttl Ihrouiilmul tlH* nfKic (X32). 

0. 2n<I ^:tlp^y (lyniph iim!**): Hcxl^Vin’s paracranijloina; small I>'n)pIjrK-.vti*s predominate; a Reed- 
StrrnlxTt; cell is sffTi in tlie center (XGOO). 

C. Ord Riopsv (Is-mpli node): Hrxk’kin** Krnniijonia: the dark smndsy cell< arc eosinophils and the 
l.irj:^ central cell a Ri*<xI-StemlH'f jr form (XCOO), 

n. Autopsy n>Tnph notlr): A sareomatwn proliferation of fibroblasts entirely replacinc nrKlal paren- 
ebnna (XGOO). 

K. Autupiy (Iv-mph node): Hodgkin's (fclicoilum cell) sarcoma, the predominalinff picture in lesions 

found ot anteprry (XGOO), 

(A-IX. Acc. 13SS1C. Sc^, .Voi. 94710, 93009, -003, -012. -018.) 
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.ATT. o.— \Miito malt*. Duration 10 montJu. Ratliollicrapy, not stated. 

A. 1st litofwy (l>aup!» n<K!f ) : Hod'.:kiu's para^fanuloma; proliferation of reliculutn cells and a fesv 
fil>ro})Ia«ts amon;: tlif l.v-niplKKrytes heralds a transition to the pranulomntoiis form; the Reed-Stemberg 
tril in the erntrr i-* rxtr.ujrdinarily large (XCOO). 

R. 2nd biopsy (lymph node): IIodgkin\ granuloma, most of the I>mphocytcs have disappeared, and 
a pTono\u^rfd t'osmophilia is present (XCOO). 

C, Autopy (l)mpli node): Hodgkin's ( reticulum cell) sarcoma shosvmg an admixture of large 
rctjMiJnm cell and small lymphocyte components (XGOO). 

D. Autopsy (I>mph n^x!**): lloflgkin's (retictilum cell) sarcoma, ssith a virtually pure reticulum cell 
proliferation (XGOO). 
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C. .\ti! j-sy ( rv."ri.-.(x!,al (irsnr); Hodalin’s fri-licoliim coll) sarcoma; all crantilomalotis features have 
di<j;'r» a.'crl. and In'- tumor shoss-s ettcrisise itis jsion and nn t.astasis via vascular palliss-ass (XGOO). 
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ilODGKIN^S DISISASE AND OTHER LYiMPHATlC TUMORS 


Observations. Cases of Hodgkin’s 
disease were divided according to the 
to the Jackson-Parker classification as 
in table below. 

In Fig. 1 the arrows leading to and 
from the Hodgkin’s disease rectangle, 
and those contained within it, indicate 
the transitions actually observed in 
this series, the heavy lines showing the 
most common changes and the double- 
lieaded arrows the to-and-fro shifts. 

A x'irtually complete alteration in the 
histologic pattern of the tumor was not- 
ed in 39% of tlie 138 autopsied cases in 
which biopsies were available, and in 


31% of tile serial biopsy group (Table 
1). Still more striking was tlie inci- 
dence of pure type tumors in only 19 
and 23% respectively in tliese two 
groups, \^dlen only one observation 
was possible, either of autopsy or bi- 
opsy material, unmixed pictures were 
found in the majority of cases (74 and 
71%); this may have represented either 
an early phase before transition was 
initiated, or a late one after the pat- 
tern was finally established. 

Major transitions are listed in Table 
2. In both the biopsy-autopsy and se- 
quential biopsy series die most fre- 


Ilodgkin’s paragranuloma 
lIodgkin’.s granuloma 
Hodgkin’.s .sarcoma 

Total 


Autopsy 


Biopsy 

Seric.s 


Series 

No. 

% 

No. 

7 

3.5 

93 

120 

60. 

378 

73 

36.5 

29 

200 


500 


% 

'lotal 

No. 

% 

18.6 

100 

14.3 

fO.O 

498 

71.1 

5.S 

102 

14.6 


700 




Fig. l.-Tiii.s dinsrnm represents Imnsilions .ictually obsers’ed ))elwceii llie sc\eial wariaiits of nmlicn.-int 
lympliom.-i, and is not to be construed ns indicatinR ccnetic sequences. Tiie fieavy lines show transitions most 
frequently found, the lishlcr lines the uncominon ones. Double-headed arrove.s siKiiify a ehaiiKe in either 
direction. The dotted line implies a iiossiblc sequence not encountered in our series. Associated fibrosarcomas 
arc not shown here. 


Tadi.i; 1.— Tii.snsitions .sm> Comui-natjons oi- llisToi.otac Tyi'es. 
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84 

61 

26 

19 

112 

fil 

135 

Without Biopsy 
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17 

26 

62 



Biopsy 

Scrirs (500 
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Sequfntiol Biopsies 

21 

31 
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49 
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23 

53 
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Autopsy Series 
with Biopsy; 


Tamle 2.— Varieties ok Major Transitions Observed. 

Terminal TjTpe 
Hodgkin's granuloma 
Hodgkin's sarcoma 
Hodgkin's sarcoma 
Fibrosarcoma 


Sequential Biopsy Series: 


Initial Type 

Hodgkin’s paragranuloma 
Hodgkin's paragranuloma 
Hodgkin’s granuloma 
Hodgkin’s granuloma 
Hodgkin’s sarcoma 
Hodgkin’s sarcoma 
Follicular lymphoblastoma 
Follicular IvTOphoblastoma 


Cases 


Hodgkin's paragranuloma 
Hodgkin’s granuloma 
Hodgkin’s granuloma 
Hodgkin’s sarcoma 


Hodgkin's paragranuloma 
Hodgkin's granuloma 
Hodgkin’s granuloma 
Hodgkin’s sarcoma 
Follicular IvTOphoblastoma 
Follicular lymphoblastoma 

(f) One of these was a combination of Hodgkin’s (reticulum cell) sarcoma and l>TOphosarcoma, 
types being distinct in separate foci. 

( ® ) It is not clear whetlier these cases show a reverse transition toward better differentiation, or whether 
the biopsy merely disclosed a local variant of the major tvTpc of lesion obser\'ed at aulopsj’- 


Hodgkin’s granuloma 
Hodgkin’s paragranuloma 
Hodgkin’s sarcoma 
Hodgkin’s granuloma 
Hodgkin's paragranuloma 
Hodgkin’s sarcoma 


1 

6 

28 

1 

2 
8 
1 
1 

7 

1 

9 


(t) 


(?) (* 
(?) (" 


(?) (*’) 
(?) (^) 

the two 


Table 3. 


TYPE LESIONS OBSERVED IN DIFFERENT LYMPH NODES OR ORGANS 

OF THE 

SAME INDIVIDUAL AT AUTOPSY 
(129 cases) 

Hodgk in's paragranuloma 


■ 

B 

■ 

■ 

B 

B 

B 

B 

B 


Hodgkin' s granuloma 

■ 

■ 

B 

1 

B 

fl 

■ 

■ 

B 

B 

Hi 

Hodgkin’s sarcomo 

■ 

■ 

B 

1 

E 

S 

B 

B 

B 

B 


Lymphosarcoma 




■ 

B 

B 

B 

a 




Ft bros arcoma 




■ 

B 

B 

■ 





Follicular lymphoblastoma 



■ 

■ 

B 

B 

■ 

D 

B 

B 


.Number of cases 

90 

D 

B 

■ 

B 

D 

a 

a 

D 

B 


COMBINATIONS OF TYPE LESIONS(*) 03SERV 
IN 

SINGLE LYMPH NODES 
(255 cases) 

ED 

Hodgkin's paragranuloma 

■ 

B 

a 

b: 

B 

B 

a 

B 

B 

B 

B 

■ 

Hodgkin’s granuloma 

n 

B 

fl 

■ 

B 

D 

D 

B 

B 

B 

B 

B 

Hodgkin's sarcoma 

X 



B 

B 

B 

a 

B 

B 

B^ 

B 

B 

Ly—ohos a r co-a 




■ 

B 

B 

■ 

fl 

B 

B: 

B 


r i hr o sa f co"'a 

i 


■ 

B 

fl 

B 

D 

B 

B 

B 

B 


Follicular lymphoblastoma | 


B 

B 

1 

1 

■ 

B 

B 

B: 

B 

ffl 

N-f-'Sf.r of CNt'-t 

mi 

B 

B 

B 

B 

B 

B! 

Bi 

Bi 

B 
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I'ijiTi: 0. mnl**, 21. Duration 3 months. Hadiothcrapy, none. 

3 fro*n tljo oricinal lyrnpli notlr fjiopsy, 

A. l»t arr.i: Tuni'ir corr'.po*-^! of fairly uniform I>miihoid cells which are Iarjt».* and have vcticular 
nuclei with r.TicI'-oli (Iv'mpho^.arcoma. Ipnpl.ohlastic t>pc) (XCOO). 
n. 2nd arra: Gfanulamatous rattrm svith sparse sprinklin;; of l>-TnphohIastjc (urnor cells (XC00)» 

C. ord area: Granulomatous pat?'“rn, hi:t with prctlomin.nnce of onsioldasts .and ness* capillary forma- 

tion (Nf00>. 

rA.I.r. Am, N’/ur. N'-m. 92<»‘'S, -OSO. -900.> 
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Ti VTT* II. Wliifr COt. nitration ?jnVnm\Ti. Ilndi'otli/'rapN', none. 

A. i'! x‘'»l I'llrti: T>pu*al pirtiiro of cfironi’c ]>Tnphatic Itiilcrmla with virtually all circulfttinC 

h in': <if vt'li <lifT Tonti.itrcl lyrnplKHVtic* (Xf>75). 


1’., Iii 'p>\- tH''!'*): l'hoffnnif-T«n:raph at low inatTnificalion discIos<‘S vt'sli^f^ of follicular 

fipt oM iitonia rn <»:!•• I'^rliou of ihr* i:o<!c fXOO). 

f'. I s'tn' l)Tr:ph rt^wh*): Otlu-r part'* of Ih#* IvTuph no<h* ha\e cr)inpl<*tcly lost Uic follicular 

ar<l sh'r.v d;fTus‘* of s'.fU difTvTcnliatnl l>-Tuphoc>ti^, the appearances bcinj; con^istei^t 

stj'h tlifOTii-r I>mphatic Irult-mia or a small cell l>pc of l>Tnphojarcoma (XCOO). 

D. I-.'cpi\ (f'z^'.r Isrrph t'aIc;: Still othor Inr^e art-a? nrc made up of fairly uniform sheets of 
.‘n ip’ 11 *: rrfr (uuformm:: to tho «f>-calh-<I s>nc>iial t>po of rctictilum cell sarcoma 

N'-t' tl.it ph f!.t"ucrorrap?.t C and D wrn- taVrn at th'* «anif macntfication. 


.Nr.:. N.m. rn. N.S.l, 2, .3. •!.) 
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The medical literature contains rela- 
tively few qualitative and quantitative 
data on the cellular content of the bone 
marrow of tire dog. More recent pub- 
lications include tlie work of Ale.xan- 
drov,’ Van Loon and Clark,” Stasney 
and Higgins^" and Mulligan.' Some 
of these investigators obtained marrow 
from living dogs by sternal puncture 
or rib resection. Others obtained mar- 
row for examination from specimens 
of rib and femur taken at autops\\ 
The methods employed for these 
studies included differential counts of 
the manow as measured from a smear 
preparation and sometimes supple- 
mented with an imprint or histopatho- 
logical examination. The so-called 
total nucleated cell count was rareh’, 
if ever, employed to indicate tlie cel- 
lularitN'^ of the bone marrow. 

There have been numerous reports 
on the normal blood c\'tology of the 
dog 

The purpose of this report is to indi- 
cate the findings in the bone marron- 
of a carefully selected group of normal 
adult dogs as measured by combined 
hematological and histological examina- 
tion. 

The hematological picture in the 


peripheral blood of normal adult dog.-, 
is included. 

Methods. Adult mongrel dogs of both 
sexes between 9 to 24 months of age, 
weighing between 8 and 20 lbs., were 
used. All dogs were judged normal and 
in good health by standard laboratorj’ 
e.\aminations, received a standard kennel 
ration of Friskies or Purina dog chow, 
and bad been subjected to deworming and 
distemper vaccination procedures at least 
one month previously. 

The animals were trained to be postured 
on a table for bleeding purposes. Vene- 
punctures without stasis were made from 
the jugular vein at a standard time each 
morning when the animal was in a fasting 
state. A standard amount of blood was 
delivered to a small bottle containing a 
mixture of dried ammonium and potas- 
sium oxalate. Samples of blood for the 
differential white blood cell count and 
platelet determinations were taken di- 
rectly from the needle while in the vein. 

Red blood cell and total white blood 
cell counts were made by standard tech- 
niques employing haemac>'tometer dilut- 
ing Thoma pipettes and Spencer bright 
line Neubauer counting chambers. .All de- 
tjrminations were made in duplicate, and 
if tlie results did not check within , 
recounts were made from tlie blood in 
the KNH, o.valate bottle. 

Differential white blood cell counts 


* This document is ba.«cd on work performed under Contract Xuinher \\'-7401-en,c-19 for 
tile .Atomic Energy Project .at tlie University of Rochester. 
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were made from cover slip smears stained 
with Wright’s stain. A minimum of 100 
ceils was counted. 

For the platelet counts, the blood was 
diluted in a red blood cell pipette with 
platelet solution containing brilliant cresyl 
blue, sodium citrate and formalin and 
delivered on to the counting chamber. 

Reticulocyte counts were made from 
cover slip smears containing alcoholic 
solution of brilliant cresyl blue. One 
thousand red blood cells were counted 
and the number of reticulocytes expressed 
in per cent. 

Hemoglobin was determined by diluting 
a standard volume of the blood sample 
in a pipette with 0.1 N HCl and compar- 
ing the color intensity with that of a 
standard dichromate solution in a colori- 
meter (Klctt Summerson t>'pe) using a 
green (Xo. 54) filter. The final value was 
determined from a standard graph. 

Sedimentation rate and hematocrit de- 
terminations were made after the method 
of Wintrobo.*= 

The bone marrow was studied from 
specimens of rib obtained by rib resection 
and from ribs, femora, humeri and tibiae 
obtained at autopsy. The time of sacrifice 
of the dog was carefully noted and 
preparations for study were usually exe- 
cuted immediately. In other instances, 
.1 marrow specimen remained in the sacri- 
ficed dog for a known period of time 
and was then prepared for examination. 
In this way it was believed more precise 
information could be obtained concerning 
post-mortem changes on the cellular com- 
position of the bone marrow. 

The dogs wiTi- jirt-p.-trccl for rib resec- 
tion with morphine sulfate supplemented 
by local infiltration of novocaine. An in- 
cision approximately 4 to G cm. w.as m.adc 
over tlu; rilj to be resected and dissection 
carried down to the periosteum. The 
periosteum w.is split lengthwise and dis- 
sected froTu the rib by means of a perios- 
teal elevator. .A section of rib near but 
not involving the costo-chondr.d junction, 
approxinmtely 4 to C cm. in length, was 
tli'-n ri'sected with the aid of a srn.'ill 
cifeul.ir power saw. The periosteum and 
V. wind Were closed with multiple inter- 
mpteil sutures in I.iycrs. .\ section of the 


rib so removed was placed in Zenker’s 
fixing fluid for histopathological examina- 
tion. Hematological examination of the 
bone marrow was carried out as follows: 

Total Nucleated Cell Count. A por- 
tion of the marrow was squeezed out of 
the rib, placed in a depression of a drop 
plate and agitated xvith a small glass 
stirring rod to homogenize the specimen. 
A portion of this marrow was drawn up 
to the 0.2 mark of a red blood cell pipette 
and diluted to the 1.01 mark with 2fo 
acetic acid or Turk’s solution, giving a 
dilution of 1 to 500. The pipette and 
its contents were placed in a shaker and 
agitated for 15 minutes. The first 3 drops 
of material were then discarded and the 
counting chamber filled as for a routine 
blood count. After allowing the cells 
to settle in the chamber for 3 minutes, 
a count was made from the 4 comer 
squares, each comer comprising 1 cu. mm. 

X 500 (dilution) X 10 

= No. of nucleated cells/mm’ of marrow. 
If the count was expected to be either 
low or high, the dilution factor was varied 
accordingly. 

Differential Cell Count. Cover slip 
smears were made from marrow to which 
an equal portion of homologous semm 
bad been added. Smears were allowed 
to drj' in tlie air and were then stained with 
Wright’s stain. A minimum of 500 cells 
was counted, and the results u'cre ex- 
pressed in percentages. 

An absolute marrow cell count was 
obtained by multiplying these percent- 
ages by the total nucleated cell count. 

Results. A classification and de- 
scription of the cells of tlie bone mar- 
row employed in this study are sub- 
mitted below. No single cell has been 
described herein as a common stem 
cell for both the erythroid and myeloid 
.scries. 'TIjc myeloblast was regarded 
as the stem cell for the myeloid series 
and the megaloblast for the erythroid 
series. No cell was classified into one 
of tlie,se series unless its morphology 
justified its classification with certainty. 
Debatable cells were placed in the un- 
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classified group. Megakaryocytes have 
been included in this classification. It 
should be pointed out that the smear 
technique is not to be considered a 
satisfactory metliod for the demon- 
stration of the presence or absence 
of megakaryocytes. 

Myeloid Series. Myeloblast: 
This was a large cell, 25-30/x in diame- 
ter, frequently round, with a dark blue, 
non-granular, usually homogenous and 
occasionally vacuolated cytoplasm. 
The nucleus was sharply demarcated 
from the cytoplasm, filling %-% of the 
cell. It was round, irregular, heavy 
blue-purple with dark staining prop- 
erties containing readily discernible 
nucleoli and fine chromatin material. 

Promyelocyte: This cell was usually 
tlie same size as the myeloblast. The 
nucleus was slightly smaller, had a 
more coarse chromatin meshwork and 
tlie nucleoli were decreased or absent; 
tlie cytoplasm was lighter and some- 
times showed early azurophilic granu- 
lation. 

Myelocyte: This cell occasionally 
showed a decrease in overall size. The 
cytoplasm was lighter in color with 
larger granules which were neutro- 
philic, eosinophilic or basophilic. The 
nucleus still comprised a large part of 
the cell, was round or irregular and 
less sharply demarcated because of the 
overlying cytoplasmic granulation. The 
chromatin material was more coarse 
and nucleoli were absent. 

Juvenile Granulocyte: This cell was 
smaller and measured 15-25/a in diam- 
eter. Tlie most distinctive feature 
was die indentation of die nucleus 
which was relatively smaller than the 
nuclei of die cells preiiously described. 
The cliromatin structure was finer and 
the cytoplasm had a paler background 
in which the granulation was finer and 
less distinct. 

Stab Neutrophil: The stab, staff or 
band cell was recognized b}' a smaller 


S or V or pleomorphic shaped nucleus 
and chromatin material which was 
coarse and stained darker dian the 
nuclei of die juvenile granulocytes. 

Segmented Neutrophil: The last 
stage in the maturation of die myeloid 
cell was illustrated by die segmented 
neuti'ophil. This cell measured 15-20/i. 
in diameter, had a conspicuous seg- 
mented nucleus connected by filaments, 
and die cytoplasm, which was pale 
and fine, contained indistinct granula- 
tions. 

The eosinophilic myelocyte series 
was similar to die neutrophil series 
except that the cytoplasmic granula- 
tion had distinct acidophilic properties. 
The granules were larger and more 
refractile. The basophilic series were, 
likewise, similar to die neutrophil series 
except diat die granulation had baso- 
philic properties. 

Erythroid Series. Megalo- 
blast: This cell was round, 15-20/a in 
diameter, had a dark blue, homogenous, 
scanty cytoplasm and a large medium 
purple, finely granular nucleus in which 
nucleoli were frequently found. A 
light or clear zone in the cytoplasm 
was usually noted. 

Erythroblast: This cell was smaller 
dian the myeloblast and measured 
10-15/a in diameter. The cytoplasm 
was lighter in color and might or 
might not have had a clear zone. The 
nucleus was absolutely and relatively 
smaller with a more coarse dark pur- 
ple chromatin structure. 

ormoblast: A further decrease in 
size was shown, and die cytoplasm 
presented evidence of containing hemo- 
globin. Tlie nucleus was less than ^3 
die size of die cell and, in some in- 
stances, was pyknotic or in die process 
of e.xtrusion. 

Megakaryocyte: Tliis cell was 

readily identified by its large size (30- 
60/a) and multilobulated nucleus or 
multinuclei. The cxToplasm was pale 
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blue and occasionally very finely granu- 
lar. 

Lymphocyte: This cell did not differ 
appreciabl}' from that found in die 
peripheral blood. Large lymphocytes 
were rarely found. The cell measured 
7-15fi in diameter, had a pale, clear 


blue cytoplasm occasionally containing 
fine azurophilic granules. Tlie nu- 
cleus was relatively large, rounded, 
usually eccentric and contained dense 
coarse cliromatin. Subdivisions of this 
group were not deemed advisable. 

Plasma Cell: This cell measured 



I'iil. 1.— Total Erythroid Series from marrow of flat and long bones of a normal dog. 
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picture but still could not be classified 36 dogs. A survey of these tables 
in the above groups, they were placed shows tliat there is a definite similarit)' 
in subgroups as follows: in the percentage distribution of tlie 

1. Cells of tlie erythroid and myeloid bone marrow cells in the 4 areas 

series that were undergoing mitotic studied and between the diaphysis and 
and amitotic division. epiphysis of tlie long bones. The 

2. Cells similar to small lympho- myeloid-er)4liroid ratio is similar in 
cytes. These cells contained such a all areas. 

small amount of eytoplasm that identi- The means of the total nucleated cell 
fication was difficult. count for femora, tibiae and humeri 

3. These cells varied in size from for tlie same 4 dogs indi\4dually are 
5-20^ in diameter, had a grayish blue given in Table 4. The cellularity of 
eytoplasm which sometimes contained the bone man-ow from vai'ious regions 
large blue granules and was occasion- of the body is compared. These data 



Fig. 3.— Erythroblasts from marrow of flat and long bones of a normal dog. 


ally vacuolated. The nucleus was indicate that rib marrow is uniformly 
rarely distinguishable; if present, it oc- cellular throughout, whereas the cel- 
cupied % of tlie cell. lular densit}' of tlie long bones under- 

An analysis of the peripheral blood goes Made variations, 
for 91 normal, adult dogs is presented Table 5 compares the cellularity and 
in Table 1. These data are in gen- differential counts in several rib sites 
ei al agreement Nvitli tliose of Van Loon of die same dog. These data indicate 
and Clark” and odiers. that bone marrow from various ribs 

Data froin the marrow differential presents a uniform jiiclure widi respect 
counts of die ribs, humeri, femora and to cellular density and distribution, 
tibiae for a group of 4 dogs are shoum The effect of time after death on rib 
in Table 2 and Figures 1 to 7 while marrow is .shouai in Table 6. Xo 
Table 3 presents rib maiTOw data from significant differences in the percent- 
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a; 4 es or total nucleated cell counts are 
sliown lor the period studied. 

Histological records of the rib and 
diaphysis of the femur are shown in 
Figures 8, 9. 

Discussion. These results indicali- 
that the cellular distribution as found 
in a gi\ en sample of bone marrow from 
one area of the body u'ill be represenla- 
ti\ e of the marrow picture from the rest 
of the body. This finding is in agree- 
ment with tlie obserx’ation of Stasney 
and Higgins.’® 

Bone marrow maj' be di\'ided into 
2 types: tlie more and constant cellular 
as found in the flat bones, and tlie 
less and more varied cellular as found 
in tlie long bones. However, there 
may be centers of hematopoietic ac- 
tivity distributed tliroughout tlie fatty 
marrow in the long bones. This is 
especially so adjacent to the endosteum 
and near the epiphysis. Thus the de- 
gree of ccllularit)' of the fiat bones 
in a normal or pathological state may 
be appraised by a total nucleated cell 
count or a histological preparation, but 
these determinations carry less signifi- 


cance in evaluating the fatt)' types of 
marrow. The sampling of marrow 
from tlie flat bones, such as tlie rib or 
sternum, \viU give not only an index 
of the cellular pattern but an index 
of the degree of cellularity as well. 
\^'hen sampling marrow bearing areas 
by needle and aspiration technique, 
local hemorrhage is invariably pro- 
duced resulting in dilution of the mar- 
row material by tlie shed blood. Sub- 
sequent samplings from the same site 
are altered by the reparative process 
from the previous hemorrhage. This 
reparatii'e process is a slow one ex- 
tending over many weeks, and residual 
damage can usually be detected months 
later, especially in the long bones. 

Histological examination of die bone 
marrow entails many limitations, chief 
of which is lack of detailed indiNidual 
cellular morphology and the associated 
inaccurate cellular identification. How- 
e\’cr, the mogakarj'ocytes as well as 
the anatomical relationship of the mar- 
row cells to other tissues in the marrow 
bearing region can be studied better. 

A significant alteration in cellularity 
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Fig. 5.— Total Myeloid Series from marrow of flat and long bones of a normal dog. 


MEAN 


RIBS FEMUR TIBIA HUMERUS 



Fig. 6.— Myeloblasts, PromyelocWes and Mycloc>'tes from marrow of flat and long bones of a 

normal dog. 
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and cellular detail of the marrow was 
not noted within the first S hours after 
deatli. Inasmuch as normal cellular 
morphology is intimately associated 
with cellular % iability, it becomes im- 
portant to determine w’hether or not 
cells, tlie marrow' cells in particular, 
removed after death are viable. Green® 


has shown that many different types 
of cells can be readily transplanted in 
vivo when removed from tlie donor 8 
hours or more after deatli. Tliis lends 
evidence to the finding of an insignifi- 
cant change of morphology ivithin tlie 
first 8 hours after deatli. 

The tabulation of somewiiat high and 
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low values in the ranges of the periph- 
eral blood was the result of, in most 
instances, isolated findings. The ani- 
mals selected for this study were judged 
normal by conventional clinical stand- 
ards but b}' hematological standards 
might not be accepted as normal. 

Summary. 1. The bone man'ow of 
ribs, femora, tibiae and humeri and the 
peripheral blood of adult normal dogs 
have been studied and the findings 
tabulated. 


2. Methods for examination of the 
bone marrow of the dog are described. 

3. Cellular disb'ibution was showm to 
be fairly uniform tlnroughout the mar- 
row bearing areas of tlie dog, whereas 
the cellularity exhibited wide varia- 
tions. 

4. A significant alteration in degree 
of cellularity and cellular detail was 
not found in tlie bone marrow within 
the first 8 hours after death. 


Fig. 9.— Marrow from diaphysis of femur of normal dog. Nucleated cells count 119,000 

cclls/mm“ xlOO. 

The autliors gratefully acknowledge the assistance rendered !)>• Helen Baldwin in cfJinpilinc 
and analyzing the hematological data. 
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The hemopoietic tissues are ex- 
tremely sensitive to a variety of toxic 
agents such as; thiouracil, the sulfona- 
mides, certain heavy metals, dinitrophe- 
nol, amidopyrine and roentgen irradi- 
ation. This sensitivity is reflected by 
alterations within these tissues and 
many times in the corpuscular elements 
of the peripheral blood resulting in ane- 
mia, leukopenia and thrombocytope- 
nia. The attempts of physicians to pre- 
sent or correct these disorders by the 
administration of a variety of dnigs 
have met with dismal failure. Certainly 
it must be admitted that the results of 
administration of pentnucleotide (to 
mention one drug) in granulocjdopenia 
have been far from spectacular. 

Following the isolation and svnthesis 
of folic acid in 1945 and 1946 by .-\ngier 
ct this substance has been used 
widely in a variety of hemopoietic dis- 
orders. IVatson cl al.^ have suggested 
that this dnig may be useful in the 
correction of irradiation leukopenia. 
They obtained hencficial effects in hu- 
mans receivinc regional roentgen treat- 
ment for various types of malignancy, 
lliercfore it was tliouuht important to 
investigate the possible proplnlactie 
.ukI therapeutic value of folic acid in 
c.its receiving whole body irradi-.ition. 
It is riMli/ed that the situation which 
f-xists in human beings receis'ing re- 
gional irrndi.ition is not slrielly ernn- 


parable to the whole body irradiation 
to which our cats have been subjected. 
Also tlie figures as gix'en by Watson et 
ah* pertain to humans receiving re- 
peated small doses of radiation in cases 
of malignanc)L whereas this report deals 
wuth apparently normal cats receiwng 
200r at a single e.xposure. 

Method: Twentj'-six cats have been studied. 
They have been divided into 3 groups: Group 
I (6 cats) received both oral (50 mg.) and 
subcutaneous (30 mg.) folic acid** daily for 
one week prior to tbc exposure to 200r whole 
bodv irradiation. § Tbc folic acid was contin- 
ued for 3 weeks following exposure to roent- 
gen radiation. Daily white blood cell counts 
and differential studies were done for one 
week prior to irradiation and for one month 
subsequent to irradiation. All white blood 
cell counts were done with Bureau of Stan- 
dards equipment. 

Group 11 (9 cals). These animals received 
50 mg. of folic acid siihculancously daily for 
one week prior to Roentgen ray exposure. 
Folic acid was continued one month follow- 
ing .such exposure. Subsequent .study w.is the 
same as for Group I. 

Group III (II cats). Tliesc animals were 
kept as controls— that is they were exposed to 
the effects of 200r whole body irradiation and 
were not given folic acid. Follow-up study was 
till- s.arne as for animals in Group I. 

RcsiiUs.:|; Thc.se arc .shown clcarlv 
in Figs. 1, 2, 3, 4. and 5 which arc a 
comparison of the normal and the con- 
trol means of tlic varion.s while blood 
cel! elements. No difference between 
the control and the experimental ani- 
mals c.'iri he detected. 
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It can also be seen in Tables 1, 
2 and 3 that there is no differ- 
ence in the response to roentgen irradi- 
ation of cats given folic acid and those 
that were given no foHc acid. 

There also was apparently no differ- 
ence between the cats in Group I and 


Group IL In other words, tlie route of 
administrah'on of folic acid apparently 
did not influence the results. 

Discussion. According to the tlie- 
ory of Stokes^ folic acid acts as an en- 
zyme or co-enzjTne in tlie formation 
of thymine which is in turn converted 
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Fig. 1. A comparison of the effect of 200r roentgen irradiation on the level of the xuhitc blood count 
in cats receiving folic acid and in cats held as controls (receiving no folic acid). 
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to nucleic acid, an integral part of the 
structure of the cell nucleus. There are 
many other theories as to tlie mode of 
action of folic acid but the discover}' 
of its e.vact role in hemopoiesis must 
await further investigation. However, 
it may be said that folic acid probablv 
plays an important role in normal hemo- 
poiesis and that the lack of this sub- 
stance ma}' result in granuloc}'topenia 
and, or, anemia. Recently the effects of 
folic acid in the correction of various 
h-pes of leukopenias have been stud- 


ied by Komberg ei air The purpose 
of our investigation was to disco\’er if 
possible if there u'ere an}' beneficial 
effects obtained by tlie prophylactic or 
therapeutic administration of folic acid 
to cats receh'ing whole bod}' roentgen 
irradiation. ( It had been hoped, if such 
a beneficial effect could be obtained 
with folic acid, that it would be appar- 
ent by using an amount of roentgen ra- 
diation which was below tlie LD 50 for 
cats but yet sufficient to produce leu- 
kopenia in all instances.) This calcu- 
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lated dose was 200r whole body radia- 
tion. As noted under Results, as well as 
in Tables 1, 2, and 3 and Figures 1, 2, 
3, 4, and 5 no difference was found 
between the control and the experi- 
mental animals. The production of 
leukopenia by roentgen radiation was 
almost identical in the control and folic 
acid groups. Also the differential for- 
mulas were approximately the same in 


the two gi'oups. No difference was de- 
tected in the response of animals in 
Group I and Group II— tliat is, the 
route of administration of folic acid 
did not alter the response to roentgen 
radiation. 

It is difficult to understand how folic 
acid could protect against tire effects 
of roentgen radiation. Exactly how ra- 
diant energy damages tlie function of 



Fig. 5.— a comparison of the effect of 200r roentgen irradiation on the levels of the stahs (hand forms) 
in cats receiving folio acid and in cats held as controls (receiving no folic acid). 
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tion WBC per cu. mm. 


Average post-irradia- 


Cat 

Average pre-irradia- 

for week during ma.vi- 

Maximum 

tion WBC per cu. mm. 

Average 

Number 

tion WBC per cu. mm. 

mum leukopenia 

drop e ; 

during entire periml 

drop ^/r 

1 

12,160 

3,933 

67.7 

4,003 

67.1 

o 

29,103 

5,825 

80.0 

8,140 

72.0 

a 

14,672 

5,150 

64.9 

>.522 

62.4 

4 

23,606 

0,058 

74.3 

6,334 

73.2 

5 

15,825 

5,783 

63.5 

7,072 

55..') 

0 

14,353 

4,350 

69.7 

4,650 

67.0 
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18,287 

5,200 

71.6 
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Average post-irradia- 
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Ax’cragc post-irradia- 


Cat 

Average pre-irradia- 

for week during maxi- 

.Maximum 

tion WBC per cu. mm. 

■Average 

Number 

tion WBC per cu. mm. 

mum leukopenia 

drop 

during entire perioil 

drop ' . 

7 

11,175 

2,820 

74.8 

3,785 

60.1 

8 

18,175 

6.180 

66.0 

8.400 

53.8 

9 

11,775 

3,400 

71.1 

4.308 

61.7 

10 

20,000 

4,840 

75.8 
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11 
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68.3 

9.238 
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73.3 

3,186 

71.6 

13 
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4,540 

87.1 
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67.9 
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8,900 

61.6 

8.709 
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12,925 
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60.4 

4,692 
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6.00.5 
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Iicinopoiesis is not known, but what- 
ever the mechanism, it is clear that 
folic acid does not protect against such 
damage. However, it shoidd not be 
construed that these results are com- 
parable to figures in which partial or 
regional roentgen treatment is em- 
ployed. It is not inconceivable that 
some of the leukopenias which develop 
during the course of prolonged roent- 
gen treatment, particularly of the tho- 


rax and abdomen, result from inter- 
ference in the production, absorption, 
or utilization of substances such as folic 
acid by virtue of the effects of Roent- 
gen-rays on the gastro-intestinal tract. 

Summary. The prophylactic and ther- 
apeutic administration of fohc acid to 
cats did not alter the occurrence or the 
magnitude of leukopenia caused by ex- 
posure to 200r whole body irradiation. 


Tadm: 3. -Cats Given- On'ey 200n Whole Body Roe.vtces Iihlvdiation and no Folic Acid 


Average posl-irradin- 

lion per cu. mm. Average post-irrndia- 


Cat 

Average pre-irr.idia- 

for svcck during maxi- 
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lion WBC per cu. mm. 

Average 

Number 

tion WBC per cu. mm. 

mum leukopenia 

drop Ce 

during entire period 

drop 

10 

11,041 

8,066 

81.3 

6,656 

39.7 

17 

17,028 

5,508 

68.8 

8,172 

53.6 

18 

15,093 

3.783 

75.4 

4.063 

73.6 

19 

10,793 

2,267 
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3,142 

70.9 

20 

22,556 

5,842 

74.1 

5,797 

7,688 

74.3 

21 

19,084 

5,542 

71.0 

59,7 

22 

19.200 

3.120 

73.3 

6,923 

63.9 

2.3 

18.475 

3,8S0 

79.0 

4,292 

76.8 

21 

33,650 

5,140 

84.7 

3,320 

84.2 

23 

19,92.5 

8,180 

59.0 

6,938 

65.2 

20 

1.3.030 

3,575 

76.3 

5,467 

03.7 

Average 

18.436 

5.173 

74.7 

3.860 

08.4 
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Hypertension, an accepted cause of 
cardiac hypertrophy, was mentioned 
by Bright® in 1836. Investigators of the 
relationship between duration and se- 
verity of hypertension on the one hand, 
and amount of cardiac hypeili-ophy on 
the other hand, however, have reached 
various conclusions.®-"'^® In addition, 
studies more or less relevant to ours 
have had to do with the following: (1) 
the different effects on cardiac hyper- 
trophy of malignant or mild hyperten- 
sion^®; (2) the onset of hypertension 
and the associated early fluctuant 
blood pressure®'^'’; (3) the effect of sex 
on the prognosis of hypertension-; (4) 
cardiac hypertrophy of rheumatic heart 
disease^®'^®; (5) the effect on cardiac 
hypertrophy of congestive failure or its 
absence in cases of coronary arterio- 
sclerosis,® and, (6) the role of coronary 
sclerosis in the development of cardiac 
hypertrophy.^'*''®’”'^''^® Our purpose 
here is primarily to add the results of 
our study to reports already printed. 

Materials and method. Among the records 
of necropsies perfonncd at the ^Ia\'o Clinic in 
the 6 years beginning with January 1, 1940, 
are 111 which represent cases in wliich 
normal readings of blood pressure had been 
obtained on one or more occasions but in 
which, nevertheless, hj'pertension subsequent- 
ly had developed. As firr as possible, records 
of cases in which vahnilar heart disease had 
existed were excluded. 

Although tlie blood pressure and the severi- 
ty of hypertension are not always closely 
related to tlie funduscopic changes, yet when 
record of the last mentioned findings was 


available, the ses'crity of the hypertension was 
grouped^" on the basis of them. When 
record of examinations of the ocular fundus 
was not available, tlie hypertension was 
grouped (except with reference to Group 4) 
according to arbitrary ranges of blood pres- 
sure. The lou'cr limit of Group 2 was taken 
to be 200 millimeters of mercury systolic and 
100 diastolic, and that for Group 3 was estab- 
lished as 240 systolic and 120 diastolic. Group 
4 was recognized only if funduscopic exami- 
nation had been performed. 

To determine, from the records, how long 
hypertension had endured in each of the 1 1 1 
cases was not entirely simple. Hypertension 
had ended, presumably, when the patient 
died, a date easily determined. Wlien, how- 
ever, had the hypertension begun? Patients 
had not been examined daily, of course. They 
had come to the clinic, had gone away and 
had returned. A long time might elapse be- 
tween two successive examinations and it 
might be at some time in this interval that 
the hypertension had begun. W'hethcr the 
condition had begun near the start or near 
the end of the interval could not be known. 
Therefore, the condition would have to be 
considered to have had its inception when the 
patient was examined for the last time before 
an intenal of absence or when he was ex- 
amined for the first time after an interx'al of 
absence. The fonner of these dates would be 
the start of a maximal period of hyjxjrtension: 
the latter, the start of a minimal period of 
hypertension. The ma.ximal duration of hyper- 
tension in a given ca.se, therefore, w.as con- 
sidered to date from the hast lime that the 
patient had been seen at the clinic wtli the 
.systolic or the diastolic blood pressure, or 
both, persistently less than 140/90. The 
minimal duration of h\-pertension. on the 
other hand, was con.sidercd to date from the 
first time Uiat the systolic or the diastolic 
blood prassure, or both, were known to have 
risen to 140/90 or above. If lupertcnsion of a 


* Ahridscnirnt of tliosN Milmi'tlcfl 1>v Dr. Stein to the F.icultv of the G-.-’tlu.ite .Sch-v,] of the Univcrtilv 
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lower group was succeeded by lij’pertension 
of a higher group, tlie duration of the disease 
wiis considered to be tlie sum of the duration 
of the hj’pcrtension of both groups. Tlie 
average of maximal and of minimal duration 
has not been determined, for the quantities 
\-ary so widel)' that an a\ eragc would not be 
reliable or significant. 

In each instance, tlic Iieart liad been 
weighed after the pericardium had been re- 
moved, the great \’essels had been severed at 
their origins and the heart and great vessels 
had been opened and washed clean, ^^'hat 
the normal weight of the heart would have 
been was calculated by multipl\ing the body 
weight of tlie patient I)v the appropriate factor 
as determined by 11. L. Smith'"’. To e.vclnde 
the possibility' of a low estimate, -and a con- 
•-equently erroneous acceptance of the pres- 
ence of hypertrophy, 2()9f was added to the 
calculated normal weight of the heart and the 
result was taken to be the calculated maximal 
normal weight of the heart. The hypertrophy 
was calculated as a percentage above this 
calculated ma.ximal normal weight. 

Obsen’ations. In tlie 111 case.s re- 
viewed (in whicli 6.5 of the patients 
were men and 46 were women ) hyper- 
trophy, in terms of the weight of tlie 
heart, varied from 0 to 176Tr more than 


the calculated normal. Tlie average for 
the series was 46.8%. 

The percentage of cardiac hypertro- 
phy, when compared with the severity' 
(group), and wdth the duration, of 
hyrpertension, gave some expected, and 
some unex'pected, results. Tlie percent- 
age of hy'pertrophy appeared to be 
closely related to the severity (group) 
of the hypertension. Thus, in Table 1 
it is demonstrated that the average per- 
centage of hypertrophy was approxi- 
mately txvice as much in cases of hy- 
pertension of Group 4 as in cases of 
Group 1. On the other hand, no rela- 
tionship appeared to exist between the 
percentage of cardiac hypertrophy and 
the duration of hypertension. These 
data are included in Tables 2 and 3. 
Except in hypertension of Group 4. 
moreover, no relationship could be ob- 
served between the severity' (group) 
of the hypertension and its over-all du- 
ration; this is not shown in any of the 
tables published herewith. Five of the 
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7 patients whose hypertension had 
been of Group 4 had had severe glo- 
merulonephritis, with a rapidly termi- 
nal course and consequent brief dura- 
tion of tlie hypertension. 

Once again, cardiac hypertrophy, 
when considered together with dura- 
tion of hypertension, led to some im- 
pressions concerning the relati\'e toler- 
ance of persons of the two sexes to 
hypertension. In 6 of the 10 cases in 
which hypertrophy was greater than 
100%, the patients were known to ha\’e 
liad hypertension for less than 5 years. 
Of these 10 patients, 7 had been men. 
At necropsy, the weights of the hearts 
of only 4 patients in the series failed 
to exceed the normal, as determined 
by the criteria previously defined. In 
each of these 4 instances the patient 
was a woman. Tire minimal duration 
of hypertension in these 4 cases varied 
from 12 to 15 years. Moreover, in Ta- 
ble 4, it is evident that the jiercentage 
of males dwindled as the minimal du- 


ration of hypertension increased; the 
percentage of females, on the otlier 
hand, remained fairly constant. If it is 
considered tliat it was tlie hypertension 
which had caused death in these 111 
cases, it seems that the women had 
withstood their hypertension better 
than the men. 

Summary. In a series of 111 cases 
in which blood pressure once had been 
observed as normal but hypertension 
subsequently had developed, records 
of necropsy were reviewed. Tlie per- 
centage of cardiac hypertroph}' ap- 
peared to be directly related to se- 
verity (group) of hypertension but un- 
related to duration of hypertension. 
Moreover, except in hypertension of 
Group 4, relationship could not be 
found betvv'een sev'erity ( group ) of hv-^- 
pertension and duration of hyperten- 
sion, The w'omen of the series seemed 
to hav'e withstood their livpertension 
better than the men. 
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\-pars 
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% 


Cases 

% 

C.lH'S 

0-4 

32 


49.2 


10 

21.7 

42 

.5-9 

12 


1S.5 


8 

17.4 

20 

10-14 

s 


12.3 


8 

17.4 

1C 

15-19 

7 


10.8 


4 

15.2 

14 

20-24 

4 


6.1 


4 

8.7 

8 

254 

2 


1.1 


9 

19.6 

11 

Total 

6.5 


100.0 


46 

100.0 

111 
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Some, but not all, persons witli hyper- 
tension are benefited by extensive 
sympatliectomy and ganglionectomy. 
However, there are as yet no reliable 
methods or tests by which one may 
with certainty distinguish those whose 
blood pressures will be favorably in- 
fluenced from those whose pressure 
will not be significantly changed. 
Numerous rules and tests have been 
suggested for selecting persons suitable 
for operation. Smitiiwick® has laid 
down useful criteria which he has de- 
veloped on the basis of his extensive 
experience. Essentially, these tests de- 
pend upon determining the effect on 
the blood pressure of sedation or sleep, 
which is assumed to minimize stimuli 
which affect the nervous system; or the 
effect of some method, such as the cold 
pressor test, which increases sb'mula- 
tion of the ner\’Ous s)'stem. By tliese 
methods one attempts to assess tlie 
neurogenic component of hyper- 
tension. These metliods have not 
proved very satisfactoiy in the selec- 
tion of patients for operation. 

More recentlv 2 new tests ha%'e been 
proposed: the effect of tetraethvlam- 
monium ion and the effect of diag- 
nostic spinal anesthesia. Each appears 
to have some merit but neither offers as 
yet the final solution. 

Lyons* has proposed the use of tlie 


tetraethylammoniuni ion as a preoper- 
ative test for selecting lyyiertensix'e 
persons for sympathectomy and gangli- 
onectomy. This test is based on tlie 
temporaiy blockade of the sympathetic 
ganglia so that the vaso-constricting 
action of the sympatlietic nerves is 
abolished. Pageh on the other hand, 
was unable to confirm this observation. 
He reported 12 cases. Five of his 
patients (Nos. 1, 4, 12, 14 and 15), as 
judged by our criteria, had no signifi- 
cant drop in diastolic pressure fol- 
lowing the administration of tetra- 
etliylammonium chloride. Seven of his 
patients did have a significant drop in 
blood pressure following the adminis- 
tration of the drug. Two of these 7 
patients were faxorably influenced by 
lumbo-dorsal sympathectomy and gan- 
glionectomy. Objections may be raised 
against his conclusions on the basis 
that the operative procedure was not 
sufficiently extensive. 

Russek and his associates'* have com- 
mented faiorabl)' on the effect of 
epidural anestliesia on the blood pres- 
sure as a test for the selection of 
hypertensive persons suitable for 
siTupathectom}- and ganglionectom}-. 

Because of the fragmentan’ work 
which had been done on the use of the 
tctraethylammonium ion and epidural 
anesthesia as tests for the selection of 

f nno ) 



07. 

0 


0^- 

oz 


zv 

09 

0 


^9 

9^ 

99 


0^. 

V9 

0^ 


9^- 


9V 

ze 


96 

9L 


W 

06 

9v 

Oi. 

69 


sv 

Z 0 

Cx> 

^9 


7 V 


90 


66 


99 

Z 9 

Z 9 

9 V 

1 

L6 

00 

L 

00 

0 

06 

9 V 

9 /. 

00 



gg/BO'v 

6®'olx 

'■S'-l 

oUO'^ 


06 

OV 

99 

?6 

09 


6V 

C 

96 


VV 

06 

Z6 

09 

ZB 


9V 

XL 

V9 

zz 

OV 


99;v06 

006 

^09/6^^ 

98/096 

OL/ 06 '' 

V9/60 

ovxil^l 


006/Of!, 

066 /0L6 
vZ 6/8^^7 
0Z6/0V6 

0V6/0^7 

996/0^ 

006/^^ 

066/OLl 

066 /Of-', 

qv6 / 6V6 

066 /^\ 


96/6Lt 
66/ V9' 

6V6/^ 
0^/66“^ 

IS’I 

COXI^'' 

966/^0\ 

/^^/661 

0B6/0^" 

cB6/^^7 

zB6/eo^ 


i 

Y'« 


9V 


'." 9 O 


3 

Yl 

i 

J 


9V 

6C 

9?. 

C9 

^ ><• 


•TO 

•v\ % 


96 

76 


09 

"iB 

9V 

96 

6V 


• N-Vi 
M.-9 6^: 
•a-0 
.,,.•3 66 

•O'O 
•9-V' 

-Q-Y' 


•?0' 


06 

06 

Z 6 

at 

09 


L 6 

96 

X6 

09 

t9 


OV 

V9 

W 

09 

OO 6 


eC 

99 

X6 

69 

90 


^0 










-m"! 


3W1- 




,x/0^'^ 

06/0V6 

Z6/9^1 

V6/V^\ 

006 /. 0 V 6 
qOO''0 


S'’o« 

fi 


706/66'i^ 

706 / 

«6/99': 

\U/o6': 

\x6/eL^ 

L06/0J-\ 

tS'lw 


9V 

XV 

Z0 

V6 

v9 


•'/.•Y» 

■qt ^ 
•N'^/ It 

• tQ vv 

-a'Yi O'. 

6 


XV 

9V 

96 

60 

90 


■ o’ 0 e 

■0-3 ^ 


3«' 


aPS 


3H\ 

’“ooVs 


aoS 

3«0 


07 3ti 


OX ^ 


j,SO0 






leCJti'O’ I 


Tt.3S 


30^J 


y3evn'^ 

330 °’‘- 
.jvrtU 




3V>X 


W' 


OS'* 


‘3« 




iO 


■o«fi ^“;V39 


Km3'<“*75,nov30 

' . y,(Y!Q 

,z 'io 


•.S' 




_a3d/.0 


„,3a 

004 *' ""'‘S 

VaoS 5"° ^ .T 3S9^i- T 


3l« 


Ot^X- 


n?x:x5 V' , 


lUOO^^ 




3X\> 


XlV 


,35000 O'? 7"3^^54 

*'"''"^000?“'“' "'Sjooof'^ X' 

« 1° nO“'Xs»=>' ->00 I®'®'’'’ 


txoV^^ 




nxQ 


sV^Vi" 




tixsaot' 


= 3 - O0-U3 




3<d 


-W»o7!?oao>l «!' o,«'vp^»“ 






k 4 ?»xr;,mos « 


! ,n 0 ^xi 


XJJOI} 


c, 9 ,x 8\ xx^v^’^ yOOOlOS 

-OPli ^ SX >6 rgolOVS®^^^ ^0\ 


3l« 


93\ons 




9505 




J0SS35°^^ 


•9. 


‘9?XJXS 


-91 

'px 


913^‘X 

S9SP3 


jOX^p 
XIX " 


OXp 


9X3V 
9JP V’ 


doxooP^ 


to 

JO 


UX’. 


;< P6 X .^559X0 \ ,V.P 


ojX;J3^°‘""'',n SXS«X\ 
'’"’o « 

Xn OX 2 ‘SOS«^ 




r ^nsooWO j^noiop® 


.p° 


-Xd9 
-xie 


SP 






OB*' “S’soo^a 

lotsx 


^XJP 

3X\6 




19 


iX\61^5 


jhSvxJJ 


3jt\SS9J 
X.\ 06 '\^ 


mVVVoX" 


S9666 


'3-60V 


VOS 



SELECTION OF HYPERTENSRX PERSONS FOR S'i'IMPATHECTOM Y 


1567 


Two were tested following Smithwick op- 
erations done in 1945. 

The remaining 20 were submitted to an ex- 
tensive transpleural thoracolumbar sympa- 
tliectomy bilaterally. Ganglia from tlie second 
thoracic to the second lumbar, inclusive, were 
resected along with tlie intervening chains 
and the splanchnic nerves down to but not 
including the coeliac ganglia. In 4 or 5 pa- 
tients, the second and third thoradc or the 
second lumbar zones were not resected on 
one or the other side due to urgency for 
termination of the operation or the fact that 
the preoperative ascending diagnostic spinal 
test had indicated a drop of the .blood pres- 
sure to normal at the level of the sixth tho- 
racic segment or below. One had the malig- 
nant phase of hypertension, 13 had essential 
hypertension and 6 had mild to moderate im- 
pairment of renal function. 

Blood pressure readings were taken in the 
supine, sitting and standing positions preop- 


eratively and postoperatively to detennine the 
effects of posture before and after operation, 
but only supine readings were taken follow- 
ing the administration of tetraethylammoni- 
um bromide and the use of diagnostic spinal 
anesthesia. All patients were in the hospital 
for at least one week and frequently for sev- 
eral weeks before operation. Blood pressure 
readings were taken twice dail\’ by a trained 
nurse, checked frequently by a resident and 
taken repeatedly by at least one of us. Con- 
trol values represent the average of the last 
10 readings preoperatively. The postopera- 
tive values represent the average of the last 
10 readings taken before discharge from tlie 
hospital. T})e blood pressure immediately pre- 
ceding diagnostic spinal anestlicsia and that 
preceding tlie administration of tetraethylam- 
inonium bromide are also given. 

With the patient in bed, 500 ing. of tetra- 
ethylammonium bromide were injected intra- 


TABLE 2. -BLOOD PRESSURE DATA ON 29 HYPERTENSIVES: 

(a) Average of lo Supine Readings; (b) One Supine Reading Immediatelv Before, and 
(c) Lowest Supine Reading After Diagnostic Spinal Anesthesia 
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Blood 








Sup I ne 
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Pressure 

{ A-O) 

(A-C) 

fA-B) 

(A-C) 

1 E.G. 

33 

F 

226/151 

240/14C 

240/155 

I- 14 

0 

+ 11 

7 15 

2 P.B. 

39 

F 

199/144 

220/120 

100/70 

99 

120 

74 

5C 

3 H.L. 

28 

F 

215/117 

200/110 

150/80 

65 

5C 

37 

30 

4 A.L. 

44 

M 
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venously and the blood pressure taken every 
minute for 5 minutes and tlien every 5 min-, 
utes until it reached its original level. Tlie 
maximum drop in blood pressure is recorded 
(Table 1). 

Diagnostic spinal anesthesia was performed 
by or under the direction of Dr. Hickcox. Con- 
tinuous fractional spinal anesthesia was em- 
ployed, witli 0.2 to 2% of solution of pro- 
caine hydrochloride. The average dilution was 
0.5%. If no reaction was obtained, the 
strengtli was decreased. The average fraction- 
al dose was 25 to 30 mg. of procaine hydro- 
chloride. The pulse and blood pressure were 
checked at each sensory level for 4 to 5 
minutes. Anestliesia was carried cephalad 
until the recumbent blood pressure dropped 
to normal and tlie level noted. In several, this 
required ascent to thoracic one and in 2 in- 
stances there was no decrease. Tlie results 
are recorded in Table 2. 

The operations were performed by one of 
us (WEB) or his associates. All operations, 
as previously described, consisted of exten- 
sive thoracolumbar sympathectomy and gan- 
glionectomy. The postoperative results are re- 
corded in Table 3. 

Results, (a) Effects of tetraethyl- 
ammonium BROMIDE. The pharma- 


cologic effects of the teb-aethylam- 
monium ion have been amply described 
preNTously and will not .be repeated 
here. Two interesting phenomena not 
previously described or stressed were 
observed. One was a rise in blood pres- 
sure following the fall; tliis occurred in 
3 of 20 cases, and on one occasion was 
50 mm. of mercury higher than the 
pre-test level. This effect tended to 
occur about one-half hour after the 
maximum fall and lasted a few min- 
utes. In the one with 50 mm. of 
mercury rise, a transient hemiparesis 
occurred. The other phenomenon was 
an apparent tolerance to the drug. In 
the beginning, we tried to treat our 
hypertensive patients with repeated 
injections of the drug. The injections 
were given at 4 hour intervals. There 
was less blood pressure lowering effect 
and the duration of the effect was 
shorter with succeeding doses. Only 3 
patients were so tested and all 3 re- 


TABLE 3. -blood PRESSU=?E DATA ON 20 HYPERTENSIVES: 

(A) Average of lo Supine Pre-Operative Readings; (b) Average of lo Supine Post Operative 
Readings Following Bilateral Thoracolumbar Sympathectomy 
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1 E.G. 
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45 

2 P.8. 
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33 

3 L.H. 

28 
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4 A.L. 
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7 C.K. 
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8 M.D. 
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7 

9 J.H. 
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179/107 
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10 
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34 
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41 
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12 A.V. 

32 
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39 

40 
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171/104 
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36 

11 

14 M.K. 
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F 
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160/107 
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3 

15 M.8. 

49 

u 

208/132 

139/91 

69 

41 

16 A.S. 

26 
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61 

17 M.B. 
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18 C.O. 
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sponded to repeated injections of 
tetraethylammonium bromide in this 
way. These responses may represent 
inconstant effects of the drug or vari- 
able nervous tone in the patient rather 
than trae tolerance. More observations 
are necessary to determine the nature 
of response to repeated injections at 
frequent intervals. 

A significant drop in blood pressure 
was regarded as one in which the di- 
astolic pressure fell 20 mm. of mercuiy 
or more compared to the average di- 
astolic pressure. The drop in diastolic 


pressure compared to tlie pressure im- 
mediately preceding the test is also 
given, so that comparisons of the two 
drops can be made in order to deter- 
mine what if any significance this drop 
has. 

Eighteen of 24 had a significant 
drop in diastolic pressure following the 
administration of tetraethylammonium 
bromide. Eleven of 24 had a drop 
to normotensive levels. The nature, de- 
gree, duration, etiology of die hyper- 
tension or the sex had no relation to 


TABLE 4. -DATA ON FALL OF DIASTOLIC BLOOD PRESSURE IN 29 HYPERTENSIVES: 


Effects produced bt (a) operation, (b) diagnostic spinal anesthesia, and (c) after 

TETRAETHYLAMMONIUM BROMIDE INJECTIOII. (FIGURES REPRESENT FALL OF BLOOD PRESSURE IN MM/HG. 
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significant changes in pressure. In a 
little less tlian half, one procedure 
produced an adequate response and 
the other did not. In some instances, 
spinal anesthesia was superior to tetra- 
ethylammonium bromide in its blood 
pressure lowering effects and in others 
the reverse was true. Likewise, the 
degree of reaction was frequently dif- 
ferent. This indicates that these pro- 
cedures affect different factors which 
together are responsible for the main- 
tenance of blood pressure. 

More recently, Lyons®, on the basis 
of more evidence, has come to a con- 
clusion similar to ours so far as the 
tetraethylammonium ion is concerned. 
He states that “a good response to the 
drug does not necessarily indicate that 
a .successful result from splanchnico- 
tomy can be expected.” He rather 
cautiously suggests that the failure of 
response to the drug may be used as a 
test to exclude hypertensive persons for 
splanchnicotomy. The same tliought 
with regard to epidural anesthesia is 
implied in the work of Russek. 

It can be seen from our findings that 
one patient with a poor response to 
diagnostic spinal anestliesia and one 
patient witli a poor response to tetra- 
ethylammonium bromide had excellent 
results following operation. Furtlier- 
more, the blood pressure of tlie patient 
varies from time to time and die re- 
sponse of the patient to tetraethylam- 
monium bromide varies from time to 
time. Two extreme conditions may be 
obtained: The pre-test blood pressure 
ma)'^ be higher or lower tiian die a\'er- 
age blood pressure. In die first instance, 
a marked response to the drug may 
occur without having die resultant 
pressure lower than die a^'erage pres- 
sure. In die second instance, no re- 
sponse from die drug may occur be- 
cause the pressure has already dropped 
considerably compared to the average 
pressure. This is seen in Cases 17 
and 26. Furdiemiore, because of die 


great variability of tiie pressure, one 
is never certain of die true average 
pressure from a short period of obser- 
vation. Lastly, the neutralizing effect of 
an increase in adrenalin cannot be ex- 
cluded. For diese reasons, widi die 
data available at the present time, we 
feel it unwise to exclude patients from 
operation simply on the basis of poor 
responses to diose tivo tests. 

Because of the failure of these tests 
to predict accurately the outcome of 
surgery we re-examined our clinical 
findings to see whether one of the usual 
rules given for selection of patients 
for sympathectomy could have been 
applied successfully. Our group was 
relatively young. No patient was above 
the age of 50. Two out of 5 males and 7 
out of 15 females obtained significant 
postoperative decrease in diastolic 
pressure. The pulse pressure was less 
than 19 plus one-half the diastolic pres- 
sure in all persons whose operation was 
successful (Types I and II of Smidi- 
wick). However, 7 persons whose oper- 
ation was unsuccessful had similar 
pulse pressures. Therefore this cri- 
terion was no more reliable. 

Summary and Conclusions. 1. Of 29 
hypertensive persons admitted for pos- 
sible sympathectomy and ganglion- 
ectomy, 28 were tested for die blood 
pressure lowering effect of fractional 
spinal anesdiesia, 24 were tested for 
the blood pressure lowering effect of 
tetraethylammonium bromide and 20 
were subjected to an extensive bilateral 
thoracolumbar sympadiectomy and 
ganglionectomy. 

2. The inconstancy of the blood pres- 
sure lowering effect of tetraethylam- 
monium bromide is stressed. 

3. Eighteen of 24 had good responses 
to tetraethylammonium bromide. 
Twenti'-diree of 28 had good responses 
to diagnostic spinal anesthesia. Four- 
teen of 23 had good responses to both 
tests. 

4. Seven good responses to -swnpath- 
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cctomy had 6 good responses and 1 bad 
response to tetraetliylammonium 
bromide. Eight bad results of operation 
had 4 good and 4 bad responses to the 
drug. ^ 

5. Eight good results of sympath- 
ectomy had 7 good responses and 1 bad 
response to diagnostic spinal anes- 
thesia. Ten bad results of operation 
had 9 good responses and 1 bad re- 
sponse to diagnostic spinal anesthesia. 

6. Eight good responses to botli 
tetraethylammonium bromide and 
spinal anesthesia obtained 4 good re- 
sults and 4 poor results from operation. 


7. Good responses from tetraetliylain- 
monium bromide or diagnostic spinal 
anesthesia or from both can not be 
used as reliable tests to predict good 
results from s)'mpathectomy. 

S. With our present data, it is ad- 
vised that sjanpathectom)" should not 
be witliheld on the basis of insignifi- 
cant responses to tetraethylammonium 
bromide or spinal anesthesia. 

9. A re-e.\amination of our clinical 
data fails to re\'eal anv method, in- 
eluding the pulse pressure, v’hich will 
predict accurately the blood pressure 
lowering cITect of sympathectom)'. 
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In recent years preparations of 
ergotamine have been used rather 
widely in cardiovascular research and 
have been advocated for tlie treat- 
ment of various conditions. Thus, they 
have been administered for the treat- 
ment of hypertension^® and paroxysmal 
tachycardia.^ Moreover, ergotamine 
has been recommended as a diagnostic 
test in subclinical rheumatic fever, 
and on the basis of animal experimenta- 
tion, it has been suggested that the 
administration of ergotamine may re- 
duce the immediate mortality in acute 
coronary occlusion.® 

The view has been expressed tliat 
a high sympathetic tonus is responsible 
for tlie abnormal T waves often seen 
when individuals assume the erect pos- 
ture. This opinion is based on die 
observation that the intiavenous in- 
jection of ergotamine tarti'ate prevents 
the appearance of tliese elecRocardio- 
graphic changes.” Likewise, altera- 
tions of the T waves in tlie chest leads 
have been ascribed to “functional” in- 
fluences produced by an abnormal 
vagus or sjmipatlietic tonus. Following 
the intiavenous injection of 0.5 mg, of 
ergotamine tarti'ate these alterations 
of the T M’aves disaiipeared and were 
explained by e.xcessive adrenergic pre- 
ponderance.'’”’''®’^'’^® 

Finally during the anoxemia test 
abnormal electrocardiographic changes 


occasionally occur in patients with 
lieaitliy hearts. If tlie anoxemia test 
is repeated after the administration of 
ergotamine, these changes were said to 
be absent; this permits one to differ- 
entiate between the alterations due to 
organic coronary disease and tliose 
found in patients with normal coronary 
arteries.^’® 

In a previous study it was demon- 
strated diat changes in tlie clech'ocar- 
diogram which occur on standing are 
occasionally but not always prevented 
by ergotamine.’® Deep inversion of 
the T waves may appear on assuming 
the erect posture even after the injec- 
tion of ergotamine. 

It seemed to us that if ergotamine 
preparations could change the repolar- 
ization process and alter Uie function- 
ally ini'erted T waves by tlieir syni- 
pathicolytic action they should also 
have a similar effect in organic heart 
disease and occasionally lead to a nor- 
malization of organically inverted T 
waves. 

Method of study and material. Nine- 
teen patients who suffered from organic 
heart disease and wlio showed inverted 
T waves in leads I and CF, were studied. 
These T wa\'e changes were caused In- 
left ventricular hypertrophy in luetic heart 
disease, rheumatic heart disease, Inpcrten- 
sion or by an old myocardial infarction. 

■All electrocardiograms were obtained 
with the patient in the supine position. The 

( *'. 7 .-^ ) 
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patient received an intravenous injection 
of 0.5 mg. of either ergotamine tartrate 
or dihydro-ergotamine 45* after the re- 
cording of tire control electrocardiogram. 
Electrocardiograms were tlien taken 15, 
30 and 45 minutes after tire injection. 

Results. Seven of the 19 patients 
developed significant alterations of the 
T waves after the administration of 
ergotamine. As Table 1 shows, the 
inverted Ti became upright in 4 pa- 
tients and the inverted T waves in 
Lead CFs became upright in 3 in- 
stances. In 2 patients the originally 
inverted T waves in Lead I became 
more inverted and a similar' phenom- 
enon occurred twice in Lead CFr,. 

Figure 1 shows the electrocardio- 
gram of a 59 year-old male patient 
who had a history of hypertension and 
cardiac decompensation for a number 
of years. The control electrocardio- 


gram (Fig. la) shows a slight left axis 
deviation, some slurring of the QRS 
complexes and flat T waves in Leads 
I and CF.v Fifteen minutes after the 
injection of ergotamine tartrate the T 
waves have become higher (Fig. lb) 
and they are almost normal 45 minutes 
after tlie injection (Fig. Ic). 

Figure 2 shows the electrocardiogram 
of a 56 year-old man with a blood pres- 
sure of 210/130 mm. Hg. The heart 
was markedly enlarged and there was 
evidence of right and left ventricular 
failure. Figure 2a shows Lead I and 
CFs with a depression of tire RS-T 
segments and inverted T waves, as is 
often seen in long lasting hypertension 
witli left ventricular hypertrophy. Fif- 
teen minutes after the injection of 0.5 
mg. of ergotamine tartrate there are no 
significant changes in Lead I but posi- 
tive -T waves appear in Lead CFj 



ABC 
Fig. 1.— Fig. la shows the electrocardiogram before, and Fig. lb 15 minutes after the 
intravenous injection of ergotamine tartrate. Fig. Ic was obtained 45 minutes after the in- 
jection. The 2 bottom tracings are Leads CFs and CFj. 

* Our tlianks are due to Dr. Henze of the Sandoz Company for the supply of this drug. 
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(Fig. 2b). These changes still persist 
45 minutes after the injection (Fig. 2c). 

It is evident from these results tliat 
not only functionally inverted T waves 
but also T waves which are inverted 
because of organic heart disease may 
become upright following administra- 
tion of ergotamine. 

Anginal pain following ergotamine. 
Five of the patients developed severe 
anginal pain after the injection of er- 


anterior waU of the left ventricle. Fifteen 
(Fig. 3b) and 45 minutes (Fig. 3c) after 
the intravenous injection of dihydro- 
ergotamine 45 tlie T waves were distinctly 
positive in both Lead I and Lead CF-,. 

Within 5 minutes after the injection 
the patient complained of e.xcruciating 
pain which was similar to the angina he 
experienced on effort. This present pain 
however was more severe. The pain 
persisted for 10 hours and because of this 
and marked sweating, retching and r^omil- 



• Fig. 2.— Fig. 2a shows Lead I and Lead CFs before, and Fig. 2b and 2c, 15 and 45 minutes 
after the intravenous injection of ergotamine tartrate. 



A B C 

Fig. 3.— Fig. 3a was recorded before the intravenous injection of dihydro-crgotaniine 45 and 
Figs. 3b and 3c were obtained respectively 15 and 45 minutes after tlie injection. 


gotamine and one of these patients 
died during the attack. 

Case Reports: Case 1. A 75 year-old 
male had a history of coronary thrombosis 
2 years before admission. The patient 
was hospitalized because of angina on 
effort which liad become progressively 
^^•orse. Figure 3a shows tlie electrocardio- 
gram (Leads I and CF-,) taken before 
the administration of ergotamine. It 
shows nonnal RS-T segments and deeply 
inverted T waves. Tlicse findings are 
consistent with an old infarction of tlie 


jug a fresh coronary thrombosis was sus- 
pected. The subsequent findings did not 
show evidence of a new myocardial in- 
farction and an electrocardiogram taken 
4 hours after the onset of the pain but 
while pain still persisted, .showed a pat- 
teni similar to that in Figure 3a, Subse- 
quent electrocardiograms rcs’ealed no 
further changes. 

Case A 75 year-old male had a 
hypertension for many years and was 
admitted to the hospital because of left 
ventricular failure. The electrocardiogram 
showed depression of the RS-T segments 
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and low T waves in Leads I and CF 5 . 
The other leads were normal. Fifteen 
minutes after the injection of dihydro- 
ergotamine 45 the T waves in the apical 
chest lead became deeply inverted. The 
inversion increased during the next 15 
minutes but subsided somewhat after 45 
minutes. The T waves in Lead I were 
isoelectric 30 and 45 minutes after the 
injection. No changes developed in the 
other leads. 

This patient developed severe subster- 
nal pain, profuse sweating, nausea and 
tingling in the extremities within 10 min- 
utes after the injection. The substemal 
pain persisted for 2 hours. 

Case S. A 65 year-old male who was 
admitted because of left ventricular fail- 
ure and with a blood pressure of 190/100. 
The electrocardiogram showed a typical 
pattern of left ventricular strain. This 


patient developed substemal pain 10 min- 
utes after the injection of 0.5 mg. of 
ergotamine tartrate and this pain persisted 
for one hour. Electrocardiograms taken 
15, 30 and 45 minutes after the injection 
showed no change from his control tracing. 

Case 4- ^ 63 year-old male was ad- 
mitted to the hospital for left ventricular 
failure witli a blood pressure of 220/130. 
He also showed an electrocardiographic 
pattern of left ventricular strain. Anginal 
pain occurred 15 minutes after the in- 
jection of ergotamine tartrate and lasted 
for 45 minutes. No alterations occurred 
in the electrocardiogram. 

Case 5. Figure 4 shows the tracings 
from a 58 year-old male with syphilitic 
heart disease, incompetency of the aortic 
valves and stenosis of the coronary ostia. 
As this patient died following the injec- 
tion of 0.5 mg. of dihydro-ergotamine 45, 



A n 0 


Fig. 4.— Fig. 4a shows tlie 3 standard leads and Leads CFs and CFs before the intravenous 
injection of aihydro-crgotamino. Fig. 4b was taken 15 minutes after tlie injection and Fig. 
4c 30 minutes later. 
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the obsei vations will be reported in greater 
detail. 

The patient was in good health until 2 
years before admission when weakness, 
shortness of breath, malleolar edema and 
retrosternal pain on exertion developed. 
For the past 2 months substemal pain 
appeared on the slightest exertion but sub- 
sided with rest. Several years ago the 
patient was told that he had a hyperten- 
sion. He denied lues but admitted to an 
urethral stricture. The family history 
revealed tliat 2 brothers had died from 
heart disease and the mother from a stroke. 

The patient was in no acute distress 
on admission. The eyes reacted poorly 
to light; there was ataxia of the hands 
and the legs, and diminished vibratory 
sense over the right lower extremity. The 
carotid pulsations were forceful and equal 
and tile ceivical veins were distended. 
There was a water hammer pulse and the 
blood pressure was 150/45. The apex 
was in the 6th intercostal space outside 
of the mid-clavicular line; tlie heart of an 
aortic shape with a marked dilatation ot 
the left ventricle and a widening of the 
ascending aorta. Systolic and diastolic 
murmurs were heard over the right sec- 
ond intercostal space. There was some 
fluid in the right pleural sinus. The hver 
was markedly enlarged and there was 
pitting edema of the ankles. 

The patient improved witli tlierapy. On 
tlie 6th day after admission at 10 A.M., 
the patient was given an intravenous injec- 
tion of 0.5 mg. of dihydro-ergotamine 45. 
Ten minutes later he complained of severe 
substemal pain, was very nauseated, dysp- 
neic and insisted upon sitting up in bed. 
At noon tlie pain still persisted and it was 
noted that the patient was incoherent, 
cold, clammy and I'omiting. At 4 P.M. 
pain was still iiresent, the cardiac rate 
was 128 per minute widi many extra- 
systoles. The respiration was rapid and 
irregular. The blood pressure which had 
been 160/50 one half-hour previously 
was now 110/50. At 8 P. M. the jiain 
still persisted, the blood pressure was 
115/55 and tlic heart rate had slowed to 
S4 per minute. The patient seemed more 
alert. He died at 9:50 P.M. 

The autopsy revealed SN’philitic aortitis 
widi aortic insufficiency, atheromatosis. 


narrowing of bodi coronarj' orifices and 
coronary sclerosis. The left ventricle was 
hypertrophied and myocardial fibrosis was 
present in the apical area. Pulmonan' 
edema and chronic congestion of the liver 
existed. 

The electrocardiogram taken before the 
injection (Fig. 4a) showed slurring but no 
widening of tiie QRS complexes and in- 
verted T waves in the limb leads. Onl\' 
equivocal modifications of the T waves 
appeared 15 minutes after the injection 
(Fig. 4b). These were accompanied b>' 
slight changes of the QRS complex. In 
the tracing taken 45 minutes after the 
injection, the inversion of die T waves 
in the limb leads was more marked and 
the T waves in Lead CF^ became abnor- 
mal (Fig. 4c). 

Discussion. This investigation shows 
diat alterations of the electrocardio- 
gram which are due to organic heart 
disease may disappear witli the ad- 
ministration of ergotamine prepara- 
tions. As Table 1 indicates, this nor- 
malization of the inverted T wa\'’es in 
patients witli organic heart disease is 
seen in many different conditions and 
not only in patients with hypertension. 

Preparations of ergotamine do not 
produce a consistent alteration of or- 
ganically inA'erted T waves. Table 1 
shows that in 12 patients no changes 
of tlie T wa\'es occurred. Of the 7 
jiatients who developed significant 
changes, in 2 tlie inverted T wa\es 
became even more inverted and in 5 
normalization of tlie previously in- 
verted T waves occurred. Further 
investigation will be necessary to ex- 
plain (hese differences of rcspon.se. 

All of the changes which occur in 
tlie electrocardiogram after the admin- 
istration of ergotamine preparations can 
not be attributed to the sympalhico- 
lytic properties of this drug. It has been 
showm that the accelerans mechanism 
in the heart is not paralx-zed by ergota- 
mine even when huge doses are given.’^ 
Tlie effect of tlie drug on the blood 
pressure in man is variable and often 
sliglit. A direct vasoconstricting action 
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of the coronary arteries is probable.^^ 
Five of the patients studied devel- 
oped severe substernal pain after the 
injections of ergotamine and one of 
these patients died. The electi'ocardio- 
graphic changes did not parallel the 
symptom of angina. Two of the pa- 
tients who had anginal pain did not 


Anginal pain and cardiac complica- 
tions following the administration of 
ergotamine have been previously re- 
ported. Severe anginal pain occurred 
in a 49 year-old woman with an exoph- 
thalmic goiter after each of the 3 
intramuscular injections of 0.5 mg. of 
ergotamine tartrate. Amyl nitrite did 


Table 1. The Effect of Ergotamine Preparations on Organically Inverted T Waves 


Name 

Age 

Diopnosis 

.3/ cdicafton 

15 minutes 

Ti TcPs 

.70 minutes 

Ti Ten 

iS 

Ti 

minutes 

Ten 

Reactions 

J.Y. 

45 

Rheumatic 

heart 

Gynergen 

r to u 

o 

r to u 

o 

I to U 

0 

none 

C.I. 

59 

Left vent 
hypertrophy 

Gynergen 

I to u 

I to U 

I to u 

I to U 

I to U 

I to U 

none 

I'.S. 

55 

Rheumatic 

heart 

DUE 45 

0 

1 to -I 

0 

I to U 

0 

I to U 

naiiseji 

vomiting 

.T.P. 

75 

Coronary^ 

thrombosis 

DUE 45 

I to U 

I to U 

I to u 

I to U 

I to U 

I to U 

angina for 
10 hours 

G.R. 

75 

Left vent, 
hypertrophy 

DHE 45 

I to +I 

I to +I 

I to -M 

I to +I 

I to + 1 

I to -f-1 

angina for 

2 hours 

J.K. 

5G 

Left vent, 
hypertrophy 

Gynergen 

0 

I to U 

0 

I to U 

0 

I to U 

none 

E.M. 

58 

Leutic heart 

DHL 45 

O 

Uto -U 

0 

Uto -U 

I to -l-I 

Uto-U 

angina, died 

.I.C. 

65 

Left vent, 
hypertrophy 

Gynergen 

0 

0 

0 

0 

0 

0 

angina 

A.F. 

65 

Left vent, 
hypertrophy 

DHE 45 

0 

O 

0 

0 

0 

0 

nausea 

vomiting 

G.D. 

60 

Left vent, 
hypertrophy 

DHE 45 

0 

() 

0 

0 

0 

0 

none 

A.A. 

44 

Left vent, 
hypertrophy 

Gynergen 

0 

0 

0 

0 

0 

0 

none 

A.K. 

48 

Left vent, 
hypertrophy 

Gynergen 

o 

o 

0 

0 

0 

0 

nausea 

A.S. 

60 

Left vent, 
hypertrophy 

Gynergen 

0 

0 

0 

0 

0 

0 

none 

■Hi 

63 

Left vent, 
hypertrophy 

Gynergen 

o 

o 

o 

0 

0 

0 

angina 

S.L. 

35 

Rheumatic 

heart 

Gynergen 

0 

o 

0 

0 

0 

0 

tingling in 
legs 

Il.S 

45 

Left vent, 
hypertrophy 

Gynergen 

0 

o 

0 

0 

0 

0 

none 

C.ll. 

59 

Left vent, 
hypertrophy 

Gynergen 

u 

o 

0 

0 

o 

0 

none 

C.S. 

46 

Old coronary Gynergen 
thrombosis 

u 

0 

0 

o 

o 

0 

none 

S.G. 

39 

Rheumatic 

heart 

Gynergen 

o 

o 

o 

0 

0 

0 

nausea 

vomiting 


LEGEND: 

I to U — inverted to upright 
O = no change 

U to +U — increase in the uprighting 
U to —U = decrease in the uprighting 
I to — I = inverted to less inversion ^ 

I to = inverted to greater inversion 


show any change in the electrocardio- 
gram and the patient who died during 
a severe anginal attack developed the 
electrocardiographic change after 45 
minutes, long after tlie pain had ap- 
peared. One patient had a normaliza- 
tion of the electrocardiogram in spite 
of severe anginal pain (Fig. 3). This 
same lack of parallelism e.xists in spon- 
taneous attacks of e.vertional angina and 
in attacks induced by the exercise test. 


not bring relief and morphine had to 
be given.'' The same author observed 
a deatli a few horns after the admin- 
istration of ergotamine in a 60 year-old 
woman with hyperthyroidism.® Similar 
to our own case with the same un- 
fortunate outcome was another ob- 
servation.®® A 43 year-old woman witli 
an aortic regurgitation and angina on 
effort, developed a severe attack of 
angina pectoris after the administra- 
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tion of 1 mg. of ergotamine tartrate. 
Nitroglycerine did not relieve. The 
pain gradually increased in intensity 
and the patient died 24 hours after the 
injection. During this period there 
was a depression of the RS-T segments 
in Leads I and II similar to that ob- 
served during her spontaneous attacks 
of angina pectoris. The post mortem 
examination revealed a syphilitic aorti- 
tis, insuflRciency of the aoi'tic valves and 
a marked stenosis of the coronary ostia. 

Lichtman reported 3 patients with 
anginal pain after the oral administra- 
tion of ergotamine tartrate.® One was 
a 65 year-old man widi advanced gen- 
eralized arteriosclerosis who developed 
tachycardia, precordial distress and a 
fall of blood pressure after tire oral 
dose of 1 mg. of ergotamine. Carter 
reported a woman with migraine who 
developed immediate palpitation, tachy- 
cardia and substernal pain after the 
inh'amuscular injection of 0.5 mg. of 
ergotamine tartrate.® Three hours 
later auricular fibrillation occurred 
which reverted to normal sinus rhythm 
at 5 hours but the substernal pain per- 
sisted for 9 hours. Repeated elecRo- 
cardiograms were normal. 


In view of our experiences and tire 
reports in the literature, the employ- 
ment of ergotamine and its deriv^atives 
as has been recently suggested in pa- 
tients with coronary disease is hazard- 
ous and should be avoided. Coronary 
artery disease is a contraindication for 
these drugs.'® 

We are not able to explain the long 
duration of the untoward effects of 
ergotamine nor can we conclude 
whetlier only those patients witli coro- 
nary artery disease will show these 
toxic reactions, or whether these effects 
may occur in patients with normal 
coronary vessels. Our investigations 
were terminated because of the death 
of tire last patient to whom we ad- 
ministered ergotamine. 

Conclusions, Ergotamine prepara- 
tions cannot be used to differentiate 
tire functionally inverted T waves from 
those which are inverted because of 
organic heart disease; temporary nor- 
malization of the inverted T waves 
may occur in both conditions after 
administration of ergotamine. 

The use of ergotamine preparations 
in patients with coronary artery disease, 
is hazardous. 
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This report is based on our experience 
in the use of quinidine sulphate in the 
treatment of 9 cases of persistent hiccup, 
in 6 of which the drug proved effective 
(Cases 1, 3, 5, 6, 8, 9). In 2 patients 
(Cases 2, 4) the hiccup was improved but 
did not stop altogether, and in 1 (Case 7) 
this treatment was apparently of no help. 

Hiccup has been described as an inter- 
mittent clonic contraction of the dia- 
phragm often associated with clonic con- 
traction of the accessory muscles of 
respiration, or as a sudden clonic spasm 
of the diaphragm accompanied by a spas- 
modic closure of the glottis. It is due to a 
great variety of causes which irritate 
either the afferent pathway to the centers 
in the upper cervical part of the spinal 
cord, the centers themselves or their 
efferent pathways to the muscles. Refle.xes 
through the vagus may play a part in its 
production. Kremeri- (1922) was of the 
opinion that the clonic contraction of the 
diaphragm is set off by an irritation of the 
respiratory center. This can be initiated 
by : (a) disturbance in the central nervous 
system; (b) a chemical irritation resulting 
from anoxemia, uremia, and toxic prod- 
ucts; and (c) by stimulation of the sensory 
libers of the phrenic and sympathetic 
nerves and also by reflexes through the 
pcrijiheral nerves. 

multitude of conditions may incite 
the attacks, such as a diseased state in the 
abdomen, chest or brain, and .systemic 
infections as well as p.sychologic factors. 
Among the frequent conditions which pre- 
(CSO) 


cipitate these seizures are disorders of the 
esophagus and stomach, such as gastritis 
and gastric dilatation, intestinal obstruc- 
tion, ileus, strangulated hernia, acute ap- 
pendicitis, acute pancreatitis, peritonitis, 
renal disease with azotemia, liver disease, 
tumors and inflammatory disease of the 
mediastinum, disease of the heart and peri- 
cardium, brain tumor, meningoencephal- 
itis, epidemic encephalitis, cerebrovascular 
accident, typhoid fever, and other severe 
infections. 

The methods of treatment are numer- 
ous. Among the procedures commonly 
mentioned are: pressure upon the phrenic 
nerve between the heads of the sterno- 
cleidomastoid muscle, drinking cold water, 
holding the breath, or the induction of 
sudden fright. Gastric lavage will often 
give relief when irritation of the gastric 
mucous membrane is present. Apomor- 
phine, gr. | hj-podermically, or hyoscine 
hydrobromide, gr. may be given 

and repeated after 3 hours. IMorphine by 
itself rarely succeeds in stopping an attack. 
Benzyl benzoate (§ dram of a 20% solu- 
tion) sometimes stops the attacks. Inhala- 
tions of amyl nitrite and chloroform have 
been used. Application of an ice bag to the 
neck, ethyl chloride sprayed on the epi- 
gastrium, repeated traction of the tongue, 
pressure on the eyeballs, mechanical dila- 
tation of the esophagus, and pressure upon 
the ribs near the origin of the diaphragm, 
have all been tried. Inhalation of 5 to 
10% carbon dioxide in o.xygen may be 
pursued until the patient has had an 
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absence of hiccup for a 1 minute period. 
If hiccup recurs, as it often does, inhala- 
tion of carbon dioxide should be begun 
again. In intractable cases, Weeks^® (1931) 
suggested that the patient should be 
examined fluoroscopically to determine the 
side of the diaphragm involved. The 
phrenic nerve on the affected side is then 
exposed and anesthetized ; crushing or 
avulsion may be required to stop the 
attack. Occasionally bilateral phrenicot- 
omy has been performed (Campbell'’, 
1940). The pros and cons of this method 
should be carefully considered before it is 
used. This procedure results in decreased 
pulmonary ventilation on the affected side 
and may further embarrass an already 
impaired cardiovascular system. 

Follovdng the failure of the usual meth- 
ods to stop an attack of hiccup in a patient 
who was becoming rapidly exhausted 
(Case 1), for reasons mentioned later, the 
use of quinidine was suggested by one of 
us. In view of the recent experience that 
more beneficial effects were obtained by 
the use of large doses in the treatment of 
ventricular tachycardia, a similar regimen 
was pursued in this patient. As far as we 
know this procedure has not been used 
previously in the treatment of hiccup. 

Short histories of our 9 cases follow: 

Case Reports. Case 1. A. B., a white 
man, 7.5 years of age, poorly nourished, was 
admitted to the hospital on .Tune 23, 1947. 
He had suffered 3 preAdous attacks of myo- 
cardial infarction, but had had no lecent 
cardiac episodes. Hiccup had been present 
for 10 days and was refractoiy to the usual 
treatment at home. His general condition 
was poor. Moderate dyspnea was present. 
The heart sounds were of poor quality and 
the normal cardiac rhythm was interrupted 
by frequent extrasystoles. He had been 
taking digitalis for several yearn and was 
adequately digitalized. An electrocardio- 
graph showed evidence of myocardial dam- 
age and digit.alis effects. Treatment in the 
hospital for the hiccup with oxygen, carbon 
dioxide, alcohol intravenously, ether rcctally, 
and the usual sedatives and antispasmodics 
was unsuccessful in relie\’ing the hiccup. The 
patient was rapidly becoming weaker. On 
the 4th hospital day (after 14 days of hic- 


cuping) 10 grains of quinidine sulphate were 
administered by mouth and within one-half 
hour the hiccup ceased, but recurred in 2 
hours. Two successive doses of 10 grains of 
quinidine sulphate given 1 hour apart re- 
lieved the hiccup for 8 hours. Ten grains of 
quinidine sulphate again relieved the hiccup 
for 12 hours. The same dose of quinidine 
was repeated and the hiccup did not recur. 

A total of 50 grains of quinidine sulphate 
was administered in a period of 2 days. 
Response to each dose was noted within 
about 2 hours. The extrasj’^stoles were com- 
pleteb’^ eliminated and a slight increase in 
the intraventricular conduction time was 
noted. The patient was discharged on the 
11th hospital day, markedly improved. 

Case 2. L. B., a colored man, 67 years of 
age, was admitted to the medical wards with 
a diagnosis of prerenal azotemia secondarj'' 
to diarrhea and hematemesis. The blood 
urea nitrogen was 137 mg. per 100 cc. and 
the carbon dioxide combining power was 27 
volumes per cent. Roentgen ray of the chest 
revealed e\'idence of bilateral caseous tuberc- 
ulosis. He had had hiccup continually fo r 72 
hours. Following tlie administration of 9 
graliis of quinidine sulphate intramuscularly, 
the hiccup ceased 30 minutes after the injec- 
tion but recurred in 2 hours. A small dose of 
quinidine was again administered. The hic- 
cup .stopped 15 minutes but recurred in 2 
hours. He was given 5 grains of quinidine b}' 
mouth everj’’ 3 hours for 3 doses. The liiccup 
.stopped 1 hour after the 1st dose. On the 
following day, quinidine sulphate, grains 9 
intramuscularly, was again given for an 
attack of hiccup. It stopped in about 10 
minutes and he was relieved for 2 hours. A 
similar dose was again given and the hiccup 
promptly disappeared. He was then placed 
on a maintenance dose of quinidine, 6 grains 
everj' 3 hours, orally, for the next 18 hours. 
During the latter part of each 3 hour period 
the hiccuj) recurred. In the next 3 da}'s he 
had several short attacks of liiccup which 
were not considered to be of sufficient length 
to require therapy. The patient died 3 days 
later witii azotemia and terminal bronclio- 
pnoumonia. 

Comment. Tiie re.suUs of quinidine 
administered for hiccup in this case .seem 
to indicate that 9 grains given intramuscu- 
larly were effective in stopping the hiccup. 
However, this effect was only temporary 
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and lasted about 2 hours. The oral admin- 
istration of 6 grains every 3 hours as a 
maintenance dose was only partially effec- 
tive in controlling the hiccup. 

Case 3. W. B., a negro 60 years of age, 
was admitted to the hospital with a diagnosis 
of adenocarcinoma of the prostate. He was 
found to have uremia secondary to a bilateral 
pyelonephritis. The blood urea nitrogen was 
150 mg. per 100 cc. He had been hiccuping 
continually forj4^3's and had received no 
relief from the usual measures. 

On July 27, 1947, at 11 a.m., 9 grains of 
quinidine sulphate were given intramuscu- 
larly. At 1:10 P.M., it was noted that the 
frequency of hiccup had been reduced in 
rate. He was then gh'en quinidine sulphate, 
9 grains, orally; this was repeated in 2 hours. 
At 5:30 P.M., the hiccup ceased but recurred 
at 10 p.M. 

On Jul}' 28, 1947, at 1 1 ;30 a.m., the patient 
was given 9 grains of quinidine intramuscu- 
larly and at 1 :30 p.m. his hiccup was relieved. 
He had no recurrence of singultus after this 
time. This patient died in azotemia 1 week 
later but had no recurrence of the hiccup. 

Case 4. W. B., a negro 52 years of age, 
was admitted to the hospital with a diagnosis 
of intestinal obstruction. Operation revealed 
many adhesions between the transverse colon 
and anterior parietal peritoneum. Postoper- 
atively he developed atelectasis with bron- 
chopneumonia. Following the operation, hic- 
cup developed and continued intermittentlj' 
for 3 daj's. Ethyl chloride spraj^ed upon the 
abdomen and chest and the inhalation of 
am.yl nitrite failed to relieve the hiccup. On 
Julj' 28, 1947, the 3d postoperative dajq he 
received 9 grains of quinidine intramuscu- 
larlj' at 5:35 p.m., and 9 grains intramuscu- 
larlj' at 6:35 p.m. The singultus stopped 10 
minutes following the 2d dose. Similar doses 
of quinidine were given at 7:35 p.m. and 
9:30 P.M. The hiccup remained quiescent 
until 12 P.M., at which time he received 
another intramuscular injection of the same 
amount of quinidine. The hiccup was again 
arrested within 15 minutes from the time of 
administration and remained so for 22 hours. 
.•\.t 3 .\.M., another attack stopped about 10 
minutes after the injection. No evidence of 
hiccuping was encountered after this time 
until the following afternon. Because the 
patient was vomiting and since none of the 
intramuscular preparation was available, he 


was given 10 grains of quinidine dissolved in 
20 cc. of normal saline solution by the intra- 
venous route. Following the injection the 
hiccup decreased in frequency from 35 to 18 
per minute, and a diminution in depth was 
noted. The hiccup did not stop immediately 
but was gone about 2 hours later. These 
attacks did not recur during the remainder 
of his stay in the hospital (6 days). 

The patient was discharged to the surgical 
clinic. 

Case 5. V. R., a negro, 46 years of age, 
was admitted to the genito-urinary depart- 
ment with a diagnosis of urinary extravasa- 
tion, secondary to a gonorrheal urethral 
stricture. The blood urea nitrogen was 29 
mg. per 100 cc., and the carbon dioxide 
combining power was 37 volumes per cent. 
The patient had experienced hiccup inter- 
mittently for 48 hou rs and continuously for 
12 hours pre^dous to treatment. Quinidine 
sulphate, 9 grains, was administered intra- 
muscularly at 2 P.M., and every hour there- 
after for 3 hours. The hiccup gradually 
decreased in frequency and stopped 4 hours 
after the last dose was given. He had 
received no other medication for the treat- 
ment of hiccup. 

The patient experienced short mUd epi- 
sodes of hiccuping the following day, which 
ceased without medication. He had no recur- 
rence of singultus for the next week of his 
hospital stay. He was then discharged to the 
genito-urinary clinic. 

Case 6. A. B., a negro, 35 years of age, 
was admitted to the orthopedic ward with 
a diagnosis of Pott’s disease and tuberculosis 
of the mediastinum. On admission the tem- 
perature was 103° F., pulse 120, and respira- 
tions were 30 per minute. The patient had 
experienced hiccup continually for ^_days 
previous to treatment and was becoming 
rapidlj”^ exhausted. At noon, quinidine sul- 
phate, administered orally in dosages of 10 
grains every' hour for 3 doses, was vomited. 
No inhibition of the singultus occurred. At 
0:30 P.M., 9 grains of quinidine were admin- 
istered intramuscularly'. The hiccup stopped 
2 hours after the 1st dose was given. Two 
similar doses at inteiA'als of 1 hour were 
administered and the patient remained free 
from hiccup until 9 o’clock the next morning 
at which time the singultus recurred. The 
hiccup again ceased in 1 hour after the intra- 
muscular administration of 10 grains of 
quinidine sulphate, and the patient remained 
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free of singultus for 24 hours. On the 3d 
day the hiccup recurred. Three successive 
doses of quinidine, 9 grains intramuscularly, 
were given. The hiccup stopped after a short 
time and did not recur for 24 hours. On the 
5th night another attack of hiccup ceased 
after the administration of 9 grains of quini- 
dine intramuscularly. The patient remained 
free from hiccup, except for 2 short episodes 
which were not treated, until the 8th day. 
At this time, the singultus recurred and since 
the hiccup became continuous and exhaust- 
ing, he was given quinidine, 9 grains intra- 
muscularly, for 2 weeks at intervals of 1 
hour. The hiccup ceased a short time after 
the 1st injection. On the 9th day hiccup was 
again encountered. He received 9 grains of 
quinidine intramuscularly, at 1:30 p.m. and 
the singultus ceased at 1 :45 p.m. He received 
another 9 grains of quinidine intramuscu- 
larly, at 2:30 p.m. On the lOth day the 
singultus recurred twice. Following the 
intramuscular administration of 9 grains of 
quinidine, the hiccup ceased. 

The patient is still in the hospital receiving 
treatment for his original tuberculous condi- 
tion, and has not had an episode of hiccup 
during the remainder of the period of ob- 
servation (10 days). 

Comment. In this patient, who had 
been hiccuping continually for 5 days, 
quinidine was of definite value in stopping 
the hiccup. Repeated administration of 
the drug resulted in cessation of the 
attack, as a result of which the patient 
remained free of hiccup for 12 to 24 hours 
at a time. 

Case 7. D, C., a negro, 62 years of age, 
was followed in the medical clinic with a 
diagnosis of singultus apparently of psycho- 
genic origin. He presented a history of epi- 
sodes of hiccup intermittently for 3 years. 
Examination showed no abnormalities except 
a blood pressure at 165/116, and probable 
slight enlargement of the left ventricle. 
Treatment was begun at a time when the 
patient had been hiccuping for 14 hours con- 
tinuously. Quinidine sulphate, 9 grains, was 
administered intramuscularly at 10:15 a. 51. 
This was followed by 10 grains oralh' at 
11:15 A.M. A decrease in hiccup was noticed 
at 1:15 P.M. Ten grains of quinidine were 
again administered at 1:45 p.m. In about 2 
hours the patient’s hiccup stopped for a 
period of 1 hour and 15 minutes. He was 


then given a maintenance dose of quinidine, 
5 grains every 3 hours, throughout the night. 
Upon returning to the hospital 18 hours 
later, the patient stated that he had taken 
the medication as prescribed with no relief 
from the singultus. He was given 9 grains of 
quinidine intramuscularlj’- and the hiccup 
stopped 12 hours later. He had taken a 
short nap, and it was during this time that 
the hiccups were relieved. The hiccup re- 
curred 22 hours later. The patient has not 
returned to the clinic for further study. 

Comment. It is very difficult to evalu- 
ate the results obtained in this patient 
because he was not under observation dur- 
ing tlie time in whicli he was taking the 
maintenance doses of quinidine. It vdll be 
noted that in this case small doses were 
used and we are not certain that he fol- 
lowed the routine of the prescribed medica- 
tion. 

Case 8. J. J., a negro, 57 j^ears of age, 
was admitted to the hospital on October 13, 
1947, with a provisional diagnosis of vomit- 
ing due to intermittent pyloric obstruction. 
His blood analyses on admission were typical 
of a severe alkalosis. The blood sugar was 
116 mg. per 100 cc. blood urea nitrogen 78, 
total blood chloride 337 rag., carbon dioxid e 
combining power 104 volumes per cent. He 
gave a history which was vcrj'' incomplete. 
The followmg points are significant: He had 
experienced some epigastric distress for 
which he had taken fairly large amounts of 
sodium bicarbonate. He had had no bowel 
movements for an undetermined period pre- 
vious to admission. He had been hiccuping 
continuall}" for o2 hours previous to the 
institution of treatment and was becoming 
rapidlj' exhausted. On October 15, 1947, he 
was given quinidine sulphate intramuscu- 
larly in a dosage of 9 grains everj' hour for 
3 doses. His In'ccup stopped 40 minutes after 
the 1st injection. The relief from hiccup was 
followed by a rapid improvement in the 
patient’s condition. The patient has had no 
recurrence of his hiccup for the S days he was 
observed. During this period the abnormal 
chemical findings returned to normal. 

Case 9. J. S., a negro, 66 years of ago, 
was admitted to the hospital on October 14, 
1947, with a diagnosis of hypertensive cardio- 
\'ascular disease and a recent cerebrovascular 
accident. He had singultus constantly for 36 
hours prewous to medication. Quinidine sul- 
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phate was given intramuscularly in the dos- 
age of 10 grains every hour for 3 injections. 
The hiccup was noted to have slowed in 
frequency 30 minutes after the first injection 
and stopped complete^ 2 hours after the 
initial medication, but recurred later that 
night. Because of the restlessness and 
extreme illness of the patient, it was con- 
sidered inadvisable to give more quinidine. 
He was given 72 grains of sodium amjd.al 
intravenous^. His hiccup continued, and 
the next morning he was again given 10 
grains of quinidine sulphate intramuscular^ 
everj’’ hour for 3 doses. His hiccup ceased 
1 hour after the initial injection and remained 
absent for 62 hours. No further treatment 
with quinidine was given this patient. The 
patient died 2 days later following another 
cerebrovascular episode. 

Discussion. Although not discussed in 
detail in the case reports, (except for 
Case 1), the usual well-known methods of 
treatment of hiccup were tried in most of 
these patients with little or no success. 
Our experiences in the above group of 
patients suggest that quinidine has an 
apparently beneficial effect in controlling 
attacks of hiccup. The possible theoretical 
basis for its action is discussed below. In 
our patients the drug was given by mouth, 
intramuscularly, and in 1 patient intra- 
venously. While it is felt that administra- 
tion by mouth is effectual, its action is 
apparently more dependable when given 
by the parenteral route. By the intra- 
muscular route the absorption is certain, 
uniform, and relatively safe. It is felt 
that a more effective response will be 
obtained by the use of high doses given 
over a relatively short period of time 
rather than small doses given over a pro- 
longed period. Such a procedure has 
recently been shown to be a more satis- 
factory one in the treatment of many 
cases of ventricular tachycardia. Delevett 
and Poindc.xter^ have shown that when a 
single dose of 1.5 grains of this drug is 
given by mouth the concentration reaches 
its ma.ximum in a period of from 2 to 4 
hours, and that it required a certain level 
in the blood, namely about 1 m_g. per 


liter,^to stop an attack of nodal tach^-- 
cardia. t It is quite likely that a similar 
situation maj^ exist in respect to hiccup. 
Thatjthis drug may not work equally well 
in all__cases will depend upon the underly- 
ing cause of the increased irritability and 
its degree. We are as yet not certain as 
to the dose of the drug and frequencj' of 
administration which may be necessary 
to stop a paro.x; 5 'sm. At present it is sug- 
gested that an initial dose of 10 grains, 
preferably given by the intramuscular 
route, be repeated hourl 3 " for 3 to 4 doses. 
If the paroxj'sm stops, the patient maj' be 
put on a maintenance dose of 5 grains 
orallj' every 2 to 3 hours. If the paro.x^'sm 
recurs, the initial high doses should be 
repeated. The use of cinchona derivatives 
in man bj' mouth and bj' vein has already 
been extensive enough to demonstrate 
their relative safetj*. 

The use of quinidine is not recommended 
in all patients. It is suggested for those 
cases of persistent hiccup where the usual 
procedures are ineffective and where the 
continuance of the paro.x.vsms results in 
exhaustion of the patient. 

Probable Mech.\nism of Action. That 
the cinchona alkaloids have a pronounced 
effect on striated muscle was recognized 
bj’ Santesson’^ (1892), Secher'® (1915), 
Fiirth and Schwartz® (1909), and Harvey® 
(1939). Brodj- and Sollmanr (1923) showed 
that quinidine lengthens the refractory 
period of skeletal muscle. The results 
obtained bj’ these authors in experiments 
with quinidine on striated muscle were 
quite parallel to the clinical results with 
quinidine in auricular fibrillation, as con- 
ceived bj' Lewis and others. These authors 
state that “In both cases the prolongation 
of the refractorv' period makes the muscle 
independent of a rapid rate of stimulation 
that ordinarilv' produces more or less 
complete tetanus and enables it to adopt 
the slower rhj-thm and more extensive 
excursions that are so much more efficient 
for working a pumping mechanism.” 
Harve\'® (1939) showed that quinine 
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decreases the ability of the muscle to 
respond to and hold a tetanus. This is 
due to an effect directly on the muscle 
which increases thel^ractory period. The 
excitability of the motor end plate is 
lowered, so that the response to nerve 
stimulation is reduced. This is best seen 
in a partially curarized muscle. When 
quinine is injected under these conditions, 
the curarization becomes complete. This 
action is also in part responsible for the 
abolition by quinine of the quick response 
of the muscle to injected acetylcholine. 
That quinine may have a direct effect on 
nerve tissue is suggested by Stravaky” 
who found quinine acts directly as a 
paralyzing drug on the secretory fibers of 
the auriculo-temporal nerves. 

The normal potentiation of the twitches 
caused by physostigraine due to repetitive 
response to a single nerve volley, is pre- 
vented by the previous administration of 
quinine or is counteracted promptly when 
the drug is injected during a period of 
potentiation.^^ Weiss found that the 
fibrillary twitchings produced in the cat by 
prostigmine were abolished by the intra- 
venous injection of quinine. The repetitive 
response to a single stimulus which occurs 
after veratrine is also removed by quinine. 
This occurs in both the normal muscle and 
the muscle of which the motor nerve has 
previously been cut and allowed to degen- 
erate. Harvey® (1940) has shown that the 
curareform action of quinine is greatly- 
increased by the introduction of the 
quaternary ammonium ion in the quino- 
line ring as observed by the action of 
quinine methochloride. The main features 
of the action of quinine methochloride on 
the mammalian nerve muscle preparation 
resembles curarine, blocking neuromuscu- 
lar transmission and leaving the response 
of the muscle to direct stimulation unim- 
paired. Like curarine, it causes a depres- 
sion of the response of tlie motor end plate 
and the ganglion cell to nerve impulses and 
to acetylcholine, but does not interfere 
with the normal liberation of acetylcholine 
from the preganglionic nerve endings. This 


drug has been u.sed successfully in the pre- 
vention of fractures in the course of con- 
vulsive therapy with metrazol.^ WolFo 
(1936) showed the value of quinine in the 
treatment of myotonia congenita. The 
chief clinical manifestation in this condi- 
tion is a contraction in skeletal muscle 
after the end of a voluntary stimulation. 
This state is symptomatically relieved by- 
quinine but is made w’orse by prostigmine. 
Quinine increases the muscular weakness 
of patients Avith my-asthenia gra\ds, thus 
manifesting an opposite effect to that of 
prostigmine in these 2 conditions.®-®'” The 
cinchona drugs have also proven of value 
in the treatment of night cramps of the 
lower extremities.’ This condition ap- 
pears to be due to a lasting tetanic con- 
traction of a muscle group due to reflex- 
bombardment of the my-oneural junction 
by a stream of impulses from some neigh- 
boring source of irritation. The effective- 
ness of quinine here is due in part to its 
action directly- on muscle tissue, but more 
important is its effect in interrupting the 
reflex arc by blocking myoneural pulse 
transmission. To quote Gootnick,’ “Qui- 
nine acts in relieving night cramps much as 
does digitalis in depressing the bundle of 
His in auricular fibrillation by cutting 
down the number of impulses that can get 
through to stimulate the muscle to con- 
traction.” 

If attacks of hiccup are the result of 
spasmodic contractions of the diaphragm 
and other muscles of respiration, the 
impulses for which are transmitted through 
nerve tissue, it is our feeling that quinidinc 
could stop a paroxysm of hiccup in 2 ways: 
(1) by a direct effect of the drug on the 
diaphragm as well as on the muscles of 
respiration; and (2) by- blocking the nerve 
impulses at the myoneural junction. There 
is some suggestive e\-idence that this drug 
may have a direct effect on nerve tissue 
Avhich may- block impulses through the 
vagus and other nerves. 

Summary. 1. Experience Avith the use 
of quinidinc in the treatment of 9 cases of 
hiccup i.s discussed. Quinidinc Avas app.-ir- 
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ently effectual in stopping the paroxysms 
in 6 cases, was partially successful in 2 
and failed in 1 case. 

2. In patients with intractable hiccup 
the use of this drug may be efficacious in 


stopping the seizures when other methods 
have failed. 

3. The probable mechanism of the 
action of quinidine in the treatment of 
hiccup is discussed. 


Addendum: Since this paper was submitted for publication, our experience with sub- 
sequent cases of hiccup has been somewhat similar to that reported above. One point of 
interest might be added; in those patients where hiccup followed abdominal operations 
and subsequent fluid loss by vomiting or other means, electrolyte imbalance, notably hy- 
pocalcemia and hypopotassemia, was apparently a factor which tended to induce or help 
maintain the attack of hiccup. In addition to the administration of quinidine, the correc- 
tion of this electrolyte imbalance was an important factor in stopping the hiccup attacks. 
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The course of renal and hyperten- 
sive vascular diseases has been modi- 
fied by the use of a diet consisting of 
rice, fruit, and sugar.”'®’’’-® Ninety-five 
per cent of the caloric intake is fur- 
nished by carbohydrate; in 2000 calories 
there are about 20 gm. of protein and 
not more than 5 gm. of fat, 0.2 gm. of 
chloride, and 0.15 gm. of sodium. On 
this regime the nitrogen equilibrium is 
maintained, and the patient can be 
made to gain weight if the caloric in- 
take is raised. 


\vith hypertensive vascular disease withoul 
evidence of renal failure. The diet of munj 
of the patients had been restricted before the 
rice diet was started. The daily urinarj' excre- 
tion of total sulfate and of inorganic sulfate 
was determined in 14 patients ( 10 men and 4 
women) who had followed the rice diet for 
periods of 30 to 46 days (average 36 days). 
The urinary inorganic phosphate was meas- 
ured in 17 patients ( 13 men and 4 women ) 
who had followed the diet for 14 to .59 da\s 
(average 34 days). 

The results are summarized in Ta- 
ble 1. 

Tlie inorganic sulfate e.xcretion in all 


Table 1.— Effect of Rice Diet on Sulfate and Inoucanic Phosphite E.xcbetio.v in Ubi.ni; of Pa- 
tients WITH Hypebtensive Vasculab Disease 

Range Average 



Before 

.4ffcr 

Before 

After 



Rice Diet 


Bicc Diet 

Total Sulfate (mg S in 24 hrs.) 

761-471 

254-58 

.592 

126 

Inorganic Sulfate (mg S in 24 hrs.) 

.547-:162 

165-40 

452 

81 

Ethereal Sulfate (mg S in 24 hrs.) 

328- .'52 

1 15—15 

140 

45 

friorganic Phosphate (mg P in 24 hrs.) 

1035— .501 

435-170 

761 

289 


Quantitative data on all aspects of 
metabolism are needed to determine 
the factors responsible for the favorable 
effect of the rice diet on the course of 
hypertensive and renal diseases. This 
paper summarizes the changes in uri- 
nary phosphate and sulfate e.xcretion 
which occur on the rice diet. 

Procedure. The sulfate and phosphate wore 
measured in each of 3 successive 24 hour 
urine collections. The sulfates were deter- 
mined by the benzidine method of Rosen- 
heimer and Drummond as modified by Hoff- 
man and Osgood.^ The inorganic phosphate 
P was determined x\itli a photo-electric colori- 
meter according to the phosphoniolybdate 
method of Fiskc and Subb.aRow.- 

The studies were carried out on patients 


14 patients showed a decrease ranging 
from 68 to 92% (average 82%). The 
ethereal sulfate excretion increased in 
2 patients and fell in 12. For the 14 
patients the average decrease was 56%. 
The total sulfate e.xcretion in all 14 
patients showed a decrease ranging 
from 58 to 91% (average 79%). Tlic 
ratios of inorganic sulfate to total sul- 
fate ranged from 0.56 to 0.90, average, 
0.77, before the diet, and from 0.41 to 
0.81, average 0.65, after the diet. 

Tlie inorganic phosphate excretion in 
all 17 patients fell from 40 to 75%, 
with an average fall of 62%. 

In Table 2, the lowest amounts of 


' This work was supported by n grant from the Life Insurance Medical Research Fund. 

1 Students in the Schools of Nfcdicine of Duke Universits-. Johns HerVins University, and the Ur.isrn 
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kempner; sulfate AIsT) phosphate excretion in urine 


sulfate and phosphate in a single 24 
hour urine collection in this group of 
patients are recorded and compared 
wth the amounts excreted on an egg- 
milk diet, a starch-cream diet and in 
fasting. 

Discussion. The data are of value 
for two reasons. First, they demon- 
strate that the kidney is called upon 
to excrete much less phosphate and sul- 
fate when a patient is on the rice diet 
than when he is on a regular diet or 
while fasting. What this means in 
terms of renal work is not known. Ob- 
serv^ations are needed on patients with 
hypertensive disease on a rice diet with 
added phosphate and suKate. Second- 
ly, ‘these data serv'e as a rough check 


on the data previously reported on ni- 
trogen equihbrium.® The patients had a 
daily protein intake of 20-25 gm. But 
they could not have been breaking 
down appreciable amounts of body pro- 
tein because of the low excretion of ni- 
trogen, phosphates, and sulfates as com- 
pared to that of fasting individuals. 

Summary. The average amount of 
inorganic sulfate excreted in the urine 
of 14 patients on the rice diet was about 
90% lower than that of persons on a 
normal diet; the average amount of 
ethereal sulfate was about 45% lower, 
that of total sulfate was about 85% 
lower. The average amount of inor- 
ganic phosphate was about 70% lower 
than that of persons on a normal diet. 


Table 2.— Ubisaivy Sulfate an» Phosphate Excbetiox os Egg-Milk Diet, 
STAncH-CEEAxi Diet, Fast aso Rice Diet 

Egg-Milk Diet" Starch-Cream Diet" Fasting^ Rice Diet 

( 120 gm. of protein ) ( 6 gm. of protein ) ( 10th day ) ( 20-25 gm. of 



Highest Values 

Lowest Values 


protein ) 
LiOwest Values 

Total Sulfate (ms S in 24 hrs. ) 

13l5f 

194} 

579} 

50 

Inorganic Sulfate (mg S in 24 hrs.) 

1252 

168 


25 

Ethereal Sulfate (mg S in 24 hrs.) 

76 

24 


2 

Inorganic Phosphate (mg P in 24 hrs.) 

* According to Folin® 

$ According to Benedict^ 
f Calculated as QO'To of Total Sulfur. 
t Calculated as 90^^? of Total Phosphorus 

16131 

276 J 

709} 

117 
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Because of the multiplicity of its 
manifestation, brucellosis has often 
been compared to syphilis. Innumer- 
able case reports attest the ability of 
acute brucellosis to produce focal dis- 
ease of all sorts. In tlie central nervous 
system it may cause meningitis, en- 
cephalitis, and encephalomyehtis. It 
is also well known that chronic Brucel- 
la infection produces lesions in the eye. 

We have reviewed 560 cases of 
chronic brucellosis to determine die 
frequency of neurologic symptoms. 
Definite sensory and motor changes 
or disturbances of the 2nd, 6th, or Stli 
nerves were found in 28 patients; in 
2 additional patients tlie fully devel- 
oped picture of multiple sclerosis was 
present. This suggests the possibility 
that multiple sclerosis might be a cen- 
tral nervous system manifestation of 
chronic brucellosis. 

In order to investigate this hypothesis 
118 consecutive cases of multiple sclero- 
sis have been studied. The diagnosis 
was made in each case by a member of 
the neurosurgical or neuropsychiatric 
departments of the Clei^cland Clinic. 

Metliods. Three methods of Brucella 
skin testing were employed. An unaltered, 
heat-killed, suspension of suis and abortus 
strains of Brucella combined (6 billion per 
cc.) was used as tlie standard test on ail 
patients throughout the study. Each in- 
tradermal injection consisted of 0.0-1 cc. 
Brucellcrgen (0.1 cc.) and Brucella anti- 
scnim (0.04 cc.) the latter according to 


the technique of Foshay^ were used as 
confirmatory tests in about half the cases 
of multiple sclerosis. 

Skin tests were used on 2 control groups. 
Group 1 consisted of 56 rural residents 
of middle ages having a varieW of clinical 
disorders. Group 2 was comprised of 
patients with neurologic conditions other 
than multiple sclerosis or encephalomyeli- 
tis. 

Definite standards of interpretation were 
established. The standard vaccine type 
or bacterin test was read according to 
Harris,® description of this method. The 
evolution of this reaction commonly re- 
quires 48 to 72 hours to reach its maxi- 
mum, but nonspecific reactions of ery- 
thema without induration may be seen 
in the first 24-hour period. In those in 
whom the response is feeble, the persis- 
tence of induration and discoloration for 
a week or more supports the positive 
interpretation of the reaction. Hence, a 
positive reaction is recorded when there 
is a visible and palpable infiltration of the 
dermis accompanied by a surrounding 
erythema. 

Brucellcrgen produces a more delicate 
and rapid reaction than the bacterin 
method. A positive reaction is recorded 
when there is edema and erv’thema be- 
tween 24 and 48 hours. A positive anti- 
sennn reaction consists of a central wheal 
with a surrounding flare averaging 4 to 
5 cm. in diameter appearing m’thin 10 
minutes of the injection. The interpreta 
tion of antlsenim reactions is facilitated 
by the use of a control injection of non- 
immuno or specially filtered senim. 

Results. The results of tlie 3 tN-pes 
■ ' (GS9) 
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of cutaneous tests in the multiple 
sclerosis group are given in Table 1. 

TABLE 1. RESULTS OF DIAGNOSTIC 
TESTS FOR BRUCELLOSIS IN 118 CASES 
OF MULTIPLE SCLEROSIS 


Per- 

cent 

Total Nega- Posi- ppsi* 
Test cases tive tive tive 


Killed Brucella 


organisms 

. 118 

3 

115 

97 

Brucellergen 

. 55 

2 

53 

96 

Polyvalent anti- 

brucella serum . . 

. 55 

0 

55 

100 

.\ntiabortus 

serum 

. 55 

0 

55 

100 

Filtered serum. . . . 

. 44 

38 

6 

14 


The results of the bacterin test in the 
control groups are given in Table 2. 

TABLE 2. RESULTS OF BACTERIN 
TESTS FOR BRUCELLOSIS IN 
98 CONTROL CASES 


Per 

cent 



Tolal 

Nega- 

Posi- 

posi- 


cases 

ttvc 

tive 

tive 

Group 1 . . . . 

. . . 50 

44 

12 

21 

Group 2 . . . . 

. . . 42 

29 

13 

31 


Three patients wth multiple sclerosis 
are listed as having negative bacterin 
tests. In 1 of tliese patients it was not 
possible to observe the reaction at the 
proper time nor to secure a satisfactory 
description. It was therefore recorded 
as negative. Tliis patient did have a 
positive reaction to each antiserum 
test. The other 2 patients witli nega- 
tive bacterin reactions were not tested 
with Brucellergen or antiserum tests. 
The 2 patients who had negative 
Brucellergen tests had definite positive 
reactions to bacterin and to antisera 
as well. Of the positive reactions to 
bacterin 10 were classed as weakly 
positive. In these ei^thema was less 
than 2 cm. in diameter, but in all cases 
induration and discoloration were pres- 
ent for at least a week. Seventy-nine 
of the positive bacterin reactions were 
graded as moderately positive with 


erythema of 2 to 4 cm. in diameter, 
and 26 cases exhibited more extensive 
erythema and were termed strongly 
positive. Actual tissue necrosis occurred 
in 6 of these. Approximately the same 
proportion of weak, moderate, and 
strongly positive reactions were seen 
among the patients in the control 
groups. 

To be certain that the positive reac- 
tions observed in multiple sclerosis 
were not the result of an abnormal 
degree of cutaneous reactivity, the lat- 
est patients in the series were also 
tested with 0.1 cc. each of old tuber- 
culin (1:10,000), histoplasmin (1:1000), 
and coccidioidin (1:1000). The results 
of these tests are given in Table 3. 

TABLE 3. RESULTS OF TUBERCULIN. 

HISTOPLASMIN AND COCCIDIOIDIN 
TESTS IN 10 CASES OF MUL- 
TIPLE SCLEROSIS 



Polient.s 

Positive 

Negative 

Old Tuberculin . . 

41 

15 

26 

Histoplasmin. . . . 

.... 34 

5 

29 

Coccidioidin 

34 

0 

34 


A foreign body effect on the part of 
the whole organism appears not to be 
involved. This factor was invesHgated 
by skin testing 10 patients with a 
vaccine of H. influenzae and 19 with .a 
vaccine prepared from a streptococcus 
isolated from sour cream. Neither of 
these preparations produced any per- 
sisting induration or erythema. 

The possibility that the skin reac- 
tions were due to other types of infec- 
tion is more difficult to evaluate. Cross 
agglutination reactions definitely occur 
behveen brucellosis, tularemia, cholera, 
Flc.xner type dysenter)', and B. proteus 
infections. However, there was noth- 
ing to suggest the presence of any of 
these infections, other than brucellosis, 
in any of the patients studied. 

The cutaneous antiserum reaction of 
Foshay,^ even more than Brucellergen, 
speaks for the specificity of the Brucella 
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reactions. Foshay has shown that the 
antiserum reaction was specific for 19 
diflFerent strains of streptococci. He 
found that the test involved a reaction 
between an antibody to the specific 
polysaccharide of an organism and the 
polysaccharide itself which is deposited 
in the tissues of the infected person. 
This antibody could be removed by 
filtration through Fullers eartli with- 
out lowering the titer of agglutinins. 
The control serum used in this study 
was prepared in this manner. Foshay 
has cautioned against the possibility 
of false positive reactions from com- 
mercial preparations because they may 
contain antibodies to polysaccharides 
of incidental organisms. Twenty-five 
Brucella negative individuals have been 
tested with the polyvalent antiserum 
and 3 reacted positively. 

Forty Brucella positive patients who 
did not have multiple sclerosis were 
tested with the polyvalent antiserum 
and were found positive in all instances, 
although in 2 the reaction was delayed 
24 hours. It is felt that the high fre- 
quency of positive reactions to Brucella 
antiserum in cases of multiple sclerosis 
is further evidence of tlie possible 
existence of brucellosis in these indi- 
viduals. The fact that all cases tested 
reacted to antiabortus serum as well 
as tlie polyvalent antiserum may be 
of some significance. Foshay reported 
a hmited experience with the several 
types of Brucella antiserum but indi- 
cated that the cutaneous reactions were 
specific for melitensis, suis, or abortus 
strains. The vTiters have encountered 
only 1 Brucella positive patient who 
reacted to polyvalent antiserum but 
failed to react to antiabortus serum. 

Agglutination reactions were done in 
23 cases of multiple sclerosis. The 
reaction was negati\'e in IS and positive 
in 5 in titers of 1:20. 1:20. 1:40, 1:160, 
and 1:320, respectively. Tlie last 2 
titers must be discounted because tliev 


were taken 4 to 5 weeks following tlie 
skin test. Although one would e.xpect 
to find low titers in clironic infections 
and negative reactions in tliose in whom 
the infection is in an inactive stage, 
these figures are still far from impres- 
sive. Eisele, McCullough and BeaP 
have pointed out some of tlie vagaries 
of the agglutination reaction. 

As a further check on the agglutina- 
tions Eisele generously consented to 
test specimens of our patients’ sera in 
tlie University of Chicago laboratory. 
The results in his laboratory and those 
in tlie Cleveland Clinic are given in 
Table 4. 


TABLE 4. COMPARISON OF AGGLU- 
TINATION TEST RESULTS IN 2 
LABORATORIES 


Pnlienl 

Cleveliintl 

Chicago (Dr. Eiscic) 

1 

negative 

1-80 

2 

1-20 

1-80 

3 

negative 

negative 

4 

1-360 1- 

1280 and partial 1-2500 

5 

negative 

1-40 

6 

1-lCO 

1-320 

7 

negative 

1-40 

8 

negative 

negative 

0 

negative 

1-20 

10 

negative 

negative 

11 

negative 

negative 

12 

negative 

negative 


All of these patients had positive skin 
tests and all but patients 2 and 11 had 
multiple sclerosis. The differences are 
striking and, like tlie laboratory dis- 
crepancies noted by Eisele ct al., are 
probably due to (h’fferences in sensi- 
tii'it}’^ and selectivitj' of the antigens. 
Cases 4 and 6 were tliose taken several 
weeks after tlie skin test. Tlie ex- 
tremely high titer in case 4 could not 
be wholly the result of the preiious 
skin test, but tliat in case 6 might be. 
Consequently, if the latter case be 
excluded, the agglutination test was 
positive in 5 out of 9 cases of multiple 
sclerosis. All multiple sclerosis patients 
witli positive reactions had eiidcnce of 
active disease; those in whom tlie ac- 
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giutinations were negative showed few 
if any new neurologic signs. 

Discussion. The peculiar geographic 
distribution of multiple sclerosis is one 
of its most distinctive features. In the 
United States the areas of greatest 
frequency are in the Pacific Nortliwest 
and in the Great Lakes basin. These 
regions are characterized by excessive 
rainfall, little sunshine, and high milk 
production. Brucellosis of the abortus 
type is also prevalent in these areas. 

The question naturally arises as to 
whether the concept of brucellosis as 
an etiologic agent in multiple sclerosis 
is compatible with recent fundamental 
work in the pathogenesis of the latter 
disorder. An excellent review of this 
subject has been published recently by 
Andren.^ He contends that neither the 
possibility of local allergy nor the theo- 
ry of virus etiology necessarily pre- 
cludes the possibility of vasoconstric- 
tion or vascular occlusion as the basic 
mechanism in multiple sclerosis. The 
same statement could be applied to 
brucellosis. Perivascular infiltration, 
and small \^essel thromboses have been 
noted as basic components of tire granu- 
lomatous lesions known to be produced 
by that disease. The plaque-like le- 
sions seen in cases of Bnicella choriore- 
tinitis are certainly comparable to the 
plaques of multiple sclerosis and both 
chorioretinitis and iritis have been seen 
in a few of the patients of this study. 

A case of multiple sclerosis- occurring 
during the course of a remittent Brucel- 
la infection has been reported in the 
Frenclr literature. Roger cl ah® report^ 
cd a case of neuromyelitis optica, (es- 
cntially an acute and rapidly fatal form 
of multiple sclerosis), with a Bnicella 
agglutination titer of 1:S00 in the 
spinal fluid. A similar case without 
fatal termination was reported by Me- 


Cullagh and Clodfelter.® Roger^ has 
also recorded 10 cases of brucellosis 
in which there were transient sensory 
and motor disturbances which he be- 
lieved to be the result of cerebral 
vasospasm occurring dm'ing both the 
early and late course of the disease. 
A mild cyto-albuminous reaction in the 
spinal fluid was found in 9 of the cases 
and a positive culture was obtained in 
one. 

Tlie investigations of Teague® have 
been cited as evidence against the in- 
fectious origin of multiple sclerosis. 
He reported failure to isolate spiro- 
chetes from the blood and spinal fluid 
of cases of multiple sclerosis as had 
been previously reported. He also re- 
corded tliat some of the rabbits in- 
oculated with blood or spinal fluid 
died of wasting infections with an 
unidentified small, gram negative bacil- 
lus in the blood stream. We have in- 
oculated both rabbits and guinea pig.s 
with blood and spinal fluid from 5 cases 
of multiple sclerosis all e.xbibiting signs 
of recent activity. The only definite 
result to date is the acquisition of a 
deep regard for the difficulties en- 
countered in tin's sort of investigation. 
A number of animals have died of a 
granulomatous disease, but cultures 
have been either sterile or contami- 
nated. 

Summary. 1. A high degree of 
cutaneous reactivity to Brucella anti- 
gens has been found in a group of 
patients with mulh'ple sclerosis. 

2. The knoOTi pathologic features and 
geographic distribution of multiple 
sclerosis and brucellosis are not in- 
compatible m'tli some relationship. 
The possibility of a connection between 
these two disease.s warrants further 
investigation. 
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ERRATUM 


In the article on an Epidemic of Tularemia, Figs. 4 and 5 on pages 421 and 422 of the 
October issue, should be reversed; i.e., the illustration marked Fig. 4 should appear above 
Fig. 5 on next page, and vice versa. 
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The pathological entity classified un- 
der the name of endometinosis has at- 
tracted widespread attention since it 
was first described®. It is a condition 
in which endometrium is situated in a 
position in the body other than in its 
normal confines in the uterine cavity. 
Two general pathological types exist. 
The first, known as adenomyosis, or in- 
ternal endometriosis, exists in the mus- 
cular wall of the uterus itself, and the 
second, known generally as external 
endometriosis, consists of the seeding 
and development of endometrial im- 
plants in locations outside of the uter- 
ine wall itself. The latter h'pe may be 
present in any one of a great varieW 
of positions. Tlicse endometrial im- 
plants respond physiologically to cyclic 
hormonal stimuli from the gonads, and 
have been demonstrated to have the 
same structural changes as normally 
situated endometrium at the various 
phases of the ovarian cycle. 

Etiologj’. Tlic tnic cause of endo- 
metriosis is still unknown, but manv 


theories have been advanced in an ef- 
fort to explain the occurrence of this 
pathological condition. Only a few 
have withstood the tests of time and 
the laboratory. Ranney®® has classified 
these theories into hvo main groups: 
(1) theories concerning histogenesis, 
and (2) that concerning possible sti- 
mulating influences. Tliose concerning 
histogenesis are as follows: 

1. Ectopic endometrium transported 
from the uterus to the pathological site. 
This theory was introduced by Samp- 
son"’ in the early 1920’s. It was 
based on his own clinical observations 
and studies in pathology. In essence, 
Sampson’s theor)' postulated that bits 
of uterine and tubal epithelium were 
discharged through the fimbriated ends 
of the tubes by retrograde flow during 
menstruation, and that they implanted 
usually on the ovaries, but occasionally 
on the pelvic peritoneum, or on the 
serosa of nearby structures, especially 
in convenient peritoneal pockets, Samp- 
son had ohsers’cd that endometriosis 
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was seldom discovered in women under 
30 years of age, and that bilateral tubal 
paiency was present in 97% of the. 
patients he haa studied. He noted, too, 
mat endometrial hematomas usually 
developed on tlie lateral and inferior 
surfaces of tlie ovaries, which are tlie 
parts most likely to be contaminated 
by material regurgitated from the 
tubes. This theory served to awaken a 
tremendous interest amongst workers 
111 gynecologic and related fields, and 
soon the theory was subjected to many 
clinical and laboratory tests. Endo- 
metrial tissue has been artificially trans- 
planted into the liver, spleen, abdominal 
wall, and anterior chamber of the eye 
in smaller animals. Typical adenomas 
of various sizes were formed as a result 
of this autotransplantation, and tliese 
were lined with ciliated columnar epi- 
thelium, and contained fluid under 
pressure. Novak and TeLinde,®® how- 
ever, claimed that menstruating en- 
dometrium discharged from the uterus 
is necrotic, and contains chiefly auto- 
lyzed constituents, with few, if any, 
formed elements. It has subsequently 
been shown that endometrium ob- 
tained during menstruation is scarcely 
viable and hardly able to grow in a 
manner comparable with intermenstru- 
al endometrial particles. 

2. Mechanical transplantation theory. 
There is no doubt that endometrial tis- 
sue can be transplanted during surgical 
procedures. Numerous cases have been 
reported in which endometriosis has 
been found in laparotomy scars follow- 
ing pelvic surgery."’®®'^*®'®* A case of 
endometriosis"'^ in an episiotomy scar 
following a normal spontaneous de- 
li\'er)f has recently been reported. 
Numerous \\Titers have reported file 
transplantation of endometrial tissue 
to pehnic structures followng curettage 
of the uterus. Endometrial tissue has 
been successfully transplanted into the 
pleural and peritoneal cavities in ex- 
perimental animals. The successful im- 


plants usually assume a cystic nature, 
and respond to the normal ovarian stim- 
ulation. 

0. Metastasis theory. The presence of 
endometrial tissue oeneatb the ap- 
parently normal peritoneum is not ex- 
plainable except on the basis of spread 
cbrough the lymphatic channels drain- 
ing the uterus. The evidence for lym- 
phatic metastasis is incomplete, and it 
IS likely that further studies on this 
mode of transmission will be carried 
on in tlie laboratory. The other route 
of metastasis suggested is via the blood 
stream, particularly the venous chan- 
nels. The evidence in favor of this lies 
in the reported occurrence of instances 
of endometriosis in the extremities. The 
evidence supporting this theory is far 
from complete, however, and this con- 
cept would at best explain only a very 
small number of cases. 

The theory evolving from the con- 
cept of ectopic endometrium developed 
in situ from local cells is as follows: 

1. Celomic metaplasia theory. The 
Muellerian duct is derived from the 
embryonic celomic epiflielium and me- 
senchyme, and forms most of the fe- 
male genital tract including the 
endometrium. Otlier adult derivatives 
of the embiyonic celomic cells may re- 
tain the potentiality of forming tissue 
which is indistinguishable from endo- 
metrial tissue. Gruenwald®® implies 
simply tliat tlie cells which are de- 
scendants of tlie celomic epithelium 
and which may retain the potentiality 
of endometrium formation, are present 
in large numbers in die upper genital 
organs and pelvic peritoneum. These 
are present also, to a far lesser extent 
in the extremities, the upper two-thirds 
of die vagina, the pleura, die general 
peritoneal cavity, the umbilicus, and 
odier locations in which endometriosis 
has been discovered, including the in- 
guinal canal, die serosal surface of the 
bladder dnd ureters. The celomic meta- 
plasia theory^ permits a physiological 



69(3 


PROGKESS OF JIE0ICAL SCIENCE 


explanation, based on embryological 
and pathological observations, for en- 
dometriosis occurring spontaneously in 
any part of the body, provided, of 
course, that die basic concept of celo- 
mic cell rests can be proven. Conclu- 
sive proof of the validity of tliis theory 
is at present lacking, and may never 
be available. As would be expected in 
a disease whose etiology is so obscure, 
many other attempts have been made 
to explain the cause, but none has with- 
stood laboratory e.xperimentation or 
clinical findings. Perhaps a combination 
of the theory of Sampson, plus the 
mechanical transplantation dieory and 
the theory of lymphatic metastasis will 
serve best to explain die etiology inso- 
far as our present knowledge permits. 

Incidence. Endometriosis is a dis- 
ease of women in die childbearing age. 
Its greatest incidence occurs in the last 
part of the diird decade of life and 
early part of the fourdi decade, but it 
has been reported as occurring at 
earlier ages,-“ during the years of wan- 
ing ovarian stimulation, and in post- 
menopausal ages.-^ It is probable in 
many instances that the disease process 
is initiated at an early age, and is not 
suspected or discovered until increas- 
ing severity of sjTnptoms calls for med- 
ical investigation or laparotomy. Fal- 
lon-* and Holmes***’’ have both presented 
csidence suggesting that increasing 
dysmenorrhea and pelvic pain occur- 
ring in the second decade may repre- 
the beginning of endometriosis. 

It is impossible to estimate widi any 
accuracy the incidence of endometrio- 
sis in the population at large. A great 
variability is noted in the metliods of 
reporting it. Haydon*’*’ reports an inci- 
dence of Holmes'*’' reports an 

operative incidence of 2G^c. Sampson 
has reported endometriosis in 21.6'rr to 
29.5'“'- of his scries of g].'nccologic la- 
jiarotomies. Meigs'-'* reports an inci- 
dence of 2S'"'- in his private practice as 
opposed to om* of •S.S'Tr in the Massa- 


chusetts Hospital group. Hunter, Smith 
aim Keiiier” report an incidence of 
.acienomyosis of 27.8% in a series of 
lo56 hysterectomies performed for all 
causes over a 15 year period. Yin*-* 
states that endometriosis and adeno- 
myosis are commonly found in Chinese 
women. Lock and Myers’*** report an 
incidence of 28% of proven cases in 
tlieir series. Endometilosis has been 
recognized more frequently in recent 
years. It is not certain whether this 
has been an .absolute or relative in- 
crease, since many more physicians 
than ever before are seeking this con- 
dition because of its recognized serious 
implications. Meigs**- has attributed 
tlie increase to several factors. One of 
these is the modern economic trend 
favoring delayed marriage, and de- 
layed and infrequent childbearing. 
Meigs is of the opinion that menstrua- 
tion is not supposed to occur monthly 
for years without interruption, result- 
ing in many menstrual cycles without 
union of the sperm and ovum. Stimu- 
lation by the varied hormonal reactions 
of menstruation of the celomic cells 
might cause them to grow and produce 
Muellerian growth. This view is sup- 
ported by his statistics showing an in- 
cidence of 28% in his private practice 
as opposed to one of 5.8% at the Massa- 
chusetts General Hospital. He advo- 
cates early marriage, and early and 
frequent childbearing to offset the in- 
creasing incidence. 

Patholog)’. The patliological features 
of endometriosis consist of aberrant 
masses of endometrial tissue in a vari- 
ety of locations. The ectopic tissue 
found in these locations has all the 
macroscopic and microscopic features 
of endometrium normally situated. 
There is a tendenev to glandular and 
cy.stic formations. Tliese respond to the 
various endocrine influences c.xerted on 
the endometrium during the menstnial 
cycle. Since most of these cysts have 
no outlet, there is usually pain as- 
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sociated with the onset of tlie menses. 
As tliese masses of endometrium con- 
tinue tiieir life cycles, a great deal of^ 
Kbrosis and scarring occurs in the or- 
gans concerned, and dense adhesions 
develop between the serous coats of 
the organs. These adhesions are usually 
deep seated and tlieir separation is 
very difficult because of the involve- 
ment of the seromuscular layers. Mu- 
cosal involvement of the bowel does 
not as a rule occur, but has been re- 
ported.^^ When the full thickness of 
the viscus is invaded, bleeding into 
the lumen may result. Thickening of 
the bowel wall and proliferation of the 
smootlr muscle may encroach on the 
lumen of the bowel, and produce a 
partial or complete obstruction. It is 
frequently very difficult to differentiate 
grossly this type of endometriosis of 
the bowel from carcinoma. 

The organs most frequently involved 
in this disease process are, in the order 
of frequency, the ovaries, pelvic peri- 
toneum (posterior cul-de-sac with in- 
volvement of the uterosacral liga- 
ments), external surface of the uterus, 
rectovaginal septum, bladder, Fallopian 
tubes, and sigmoid colon.^'’’®®'®®'®^*®® 
More rarely, tire round ligaments, ap- 
pendix, umbilicus, and other peritoneal 
organs are involved. In rare instances, 
endometriosis of the extremities'^^ has 
been reported. Endometriosis of tlie 
lungs has been produced experimen- 
tally in laboratory animals.®®-®'* 

The lesions in tlie ovaries vary in 
size from tlrat of a pinhead to diat of 
a grapefruit. They vary in color from 
dusky red to brownish black. The cysts 
are usually chocolate colored due to 
discoloration of the tliin cyst wall by 
the contents of the cyst. The tliicker 
walled cysts, however, are somewhat 
whitish and dull. These cysts character- 
istically perforate when die intralu- 
minal pressure becomes too great for 
the cyst wall to witlistand, and die 
organization of the blood wliich es- 


capes from the cyst seals the defect, 
ana bloody fluid again accumulates 
within die cyst cavity, ibis organiza- 
tion process results in peri-ovanau ad- 
hesions. Other organs in the pelvis are 
also involved m these adhesions. The 
pelvic peritoneum may become hyper- 
plastic and present a pictm'e of chronic 
inflammation. Endometrial implants on 
the anterior surface of the uterus may 
produce typical peritoneal adhesions 
to, and invasion of, the bladder. This 
may extend through the entire thick- 
ness of die wall of the bladder and give 
rise to hematuria and other urinary 
symptoms. The characteristic pucker- 
ing of die peritoneal covering of die 
bladder is apparent at operation. 

More infrequendy, endometriosis oc- 
curs in regions of the body that are 
more or less remote from the genital 
organs. Less than 100 cases of endo- 
metriosis of the umbihcus have been 
reported in die world literature. Endo- 
metriosis of the intraperitoneal portion 
of the round ligament occurs radier 
frequently, but only a few cases of the 
disease have been reported as occurring 
in the inguinal portion of die round 
ligament. When fhis occurs, it may be 
quite difficult to differentiate it from 
hernia.*®’®* Endometriosis of laparot- 
omy scars are noted by many authors. 
The majority of these occur following 
operations on die uterus or Fallopian 
tubes. Wood, Diebert and Kain®* re- 
ported a case of endometriosis which 
was located in the ileum, 3 inches from 
the ileocecal junction. The lesion in this 
case was hard, and consisted of a 
constricting band of fibrous tissue. 
Schlicke"® has reported a case of endo- 
metriosis in a 35 year old Filipino 
which occurred on the posterior aspect 
of the left thigh. Clinical endometriosis 
of the lungs has not yet been reported, 
but Hobbs and Bortnick®® think that 
many cases may be mistakenlv diag- 
nosed as tuberculosis, cancer or benign 
lung tumors, and they are of the 
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opinion that, if sought, many cases of 
endometriosis mignt be oiscovered. 
Primary endometriosis of the cervix 
uteri is very rare.^^ 'lo date, there have 
been only a few cases of perineal 
endometriosis following episiotomy, 
and only one in a spontaneous de- 
livery.'^ Endometriosis is not fre- 
quently found in association wth ma- 
lignancy of tire generative organs. 

Symptoms. It is generally agreed that 
tire most constant symptom of this dis- 
ease is dysmenorrhea. This is of the 
acquired type, and usually progressive. 
Counseller^’ states that vesical and, or, 
rectal pain superimposed on an ac- 
quired dysmenorrhea is almost always 
diagnostic. Diffuse pelvic soreness, 
brought about or aggravated by walk- 
ing or jarring of tlie pelvis in any way 
is also suggestive. Dyspareunia is fre- 
quently a presenting symptom. Most 
of the patients are found to be infertile, 
despite the fact that patent tubes are 
found in a large percentage of cases. 
When endometriosis is found to be the 
cause or an associated factor in a steril- 
ity problem, the solution is frequently 
\’ery difficult, for a cure of the endo- 
metriosis too often requires a radical 
procedure on the reproductive organs. 
Even in those cases in which conserva- 
ti\ e measures are carried out, the re- 
sults as far as fertility is concerned are 
not often satisfactory. 

Jcffcoate’® has demonstrated tliat in 
about lOTo of his patients with endo- 
metriosis, pyrexia was a significant 
factor in making the diagnosis. Tlie 
degree of fever was not high, 101 to 
102'^ F. being the highest recorded, 
and its occurrence variable, as it is 
.sometimes intermittent throughout the 
cycle. Tim hyperpyrexia hpically oc- 
curs during menslniation, and gradual- 
ly disappears 1 to 2 days after the flow 
has ceased. Body temperature normally 
rises prcmenstrually. and falls with the 
onset of flow, so that an elevation dur- 
ing each period should be regarded 


with suspicion. Other chains of symp- 
toms may develop witli involvement 
of other organs, 'ihe ureters may be 
constricted and produce symptoms of 
the associated hydronephrosis or ure- 
teral colic. Intestinal oostruction may 
develop. Localized bluish swelling ot 
isolated lesions in the extremities or in 
postoperative scars may develop during 
the menstrual periods. Bimanual ex- 
amination of the pelvis is very im- 
portant in making the diagnosis. One 
may find a cystic ovarian mass, which 
is usually very tender. Beading of tire 
utcrosacral ligaments is characteristic 
when present. Generalized tenderness 
tnrougnout the pelvis may be found, 
and may necessitate an examination 
under anesthesia. 

A careful case history, taken with 
a high index of suspicion, is necessary 
for diagnosis of tlris disease. A careful 
log of the menstrual periods of the 
patient, with special reference to tlie 
presence of increasing dysmenorrhea, 
infertility, and dyspareunia, and pelvic 
pain on urination and defecation is es- 
sential for die diagnosis. 

Complications. It is important to rec- 
ognize that symptoms may arise in 
organ systems other than tlie genital 
tract. The most frequently involved ex- 
tragenital systems are the urinary and 
the gastro-intestinal tracts. Glenn and 
Thornton-® reported 2 cases of ob- 
structing endometriosis of the ileum in 
1940. They were able to find only 4 
similar cases in the literature. Wood, 
Diebert and Kain®^ reported a hard 
fibrous constricting band only 3 inches 
from the ileocecal junction which 
proved to be an endometrioma on 
microscopic examination. This is the 
only case of a similar nature reported 
since Glenn and Thornton’s report. 
Sutler'® states that the intestinal tract 
is a highly significant extragenital loca- 
tion for endometriosis. He found in- 
volvement of the intestinal tract in 35 
patients; the appendix in 25, the ileum 
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in 1, and the rectosigmoid in 9. Thier- 
stein and Allen®'’ differentiate be- 
tween a deep and superficial type of 
endometriosis of the Dowel, and state 
that the former is more likely to be 
the cause of intestinal obstruction. 
The radiologic picture of intestinal ob- 
struction due to endometriosis is some- 
what characteristic. Jenkinson and 
Brown®® have reported relatively long 
filling defects of 4 to 7 inches demon- 
strable by barium enema, which are 
sharply demarcated as in carcinoma. 
Fixation and exquisite tenderness on 
palpation are found during fluoroscopic 
examination. The mucous membrane, 
however, is essentially intact. In car- 
cinoma of the bowel, the mucosa is 
usually involved, and the constant fill- 
ing defect is not so tender to palpation. 
McGuff, Dockerty, Waugh and Ran- 
dalF^ reported 16 cases of intestinal 
obstruction due to endometriosis, which 
represent the total seen at the Mayo 
Clinic. They stressed the presence of 
the usual symptoms of endometriosis, 
plus the presence of a long history of 
intestinal symptoms which suggest pro- 
gressive intestinal obstruction with 
frequent exacerbations at die menses 
as the most important points in estab- 
lishing the clinical diagnosis of this 
disease. Diarrhea and vomiting, fre- 
quently found in intestinal obstniction 
from other causes, are encountered, but 
the presence of gross blood in the 
stools is almost never encountered. 
When it is found at the time of the 
menstrual period, it is of significance. 
Sigmoidoscopic examination almost al- 
ways reveals the presence of an intact 
mucous membrane. Patton and Patton®® 
have emphasized the absence of lymph 
node changes, which is helpful in mak- 
inc the gross diagnosis at die operating 
table. 

Endometriosis of the urinanj bladder 
may occur in any woman of menstrual 
age. In a series of 46 patients with en- 
dometriosis of the bladder collected 


by Moore, Herring and McCannel,“® 42 
had had either previous pelvic opera- 
tions, or, at the time of examination had 
some disease of the reproductive 
system. Kahle, Vickery and Maltry^^ 
had previously noted this fact, and the 
report by O’Conor and Creenhill®^ adds 
confirmation. Dreyfuss^® presented a 
case of so-called “internal endometrio- 
sis” of the bladder, in which the endo- 
metrial cells were thought to originate 
from bladder epithelium. No serosal or 
other implants were found at operation. 
This is the only report encountered in 
the literature that makes mention of 
this type. O’Conor found in 7 of .the 
58 patients whom he studied that the 
endometriosis was supposedly confined 
to Ae bladder with no other intra- 
abdominal lesion present. Leventlial 
and Solomon^^ reported a case of slow^ 
constriction of the ureters by an endo- 
metrioma of the pelvic peritoneum and 
rectovaginal septum. In this case, tl\e 
ureters were displaced medially, and 
a bilateral hydronephrosis was demon- 
strated. Urinary complaints are usually 
cyclic, and consist of bladder fullness, 
dysuria, frequency and urgency. The 
severity of these symptoms vary, the 
intensity being dependent upon the 
proximity of the lesion to the trigone, 
and upon the size of the endometrioma. 
Hematuria occurs only if the mucosa of 
the bladder is invaded. It was reported 
in only 13 of Moore’s 46 cases, and in 
less than one-tliird of O’Conor’s series. 
The lesion is palpable in the base of the 
bladder in about half of the cases. If 
die mucosa is involved, the lesion is 
easily identified by cystoscopic ex- 
amination. A bluish-black tumor is 
seen, usually on the bladder floor, 
either between or just above the 
ureteral orifices. Tlie tumor has a cvs- 
tic surface, bleeds easilv, and is sur- 
rounded bv a bullous edema. If doubt 
exists, a bionsy taken through the 
cystoscope will establish the diagnosis 
in the majorih' of cases. An endo- 
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inetrial c)'St ot the left kidney in a 40 
year old patient was reportea by Mar- 
shall.^'* Inis patient haa complained of 
swelling and pain in the left flank for 
ib months. No relation between tlie 
menstrual cyele and the severity of the 
symptoms was established in tlie his- ' 
tory. No evidence of pelvic disease was 
present, and there was no involvement 
of the peritoneum, Gerota’s fascia, or 
renal capsule. 

Treatment. No rule of tliumb exists 
for the treatment of endometriosis. 
Each case must be individualized, and, 
perhaps, in this disease as in no other, 
tire judgment of the physician plays a 
\’er)' important role. Many factors 
enter the picture, and influence the 
choice of method to be employed; the 
age of the patient, the extent of the 
lesions, the involvement of important 
structures and the ease of mobilization 
at operation, the desire of the patient 
for children, and the severity of tlie 
symptoms. 

It is now well established that endo- 
metriosis is under the direct control of 
the hormonal cycle governing the men- 
stnial cycle, and that the elimination of 
the ovarian hormones will cause a re- 
gression and atrophy of the endometri- 
omas almost anywhere that they e.xist. 
It is a form of treatment that is almost 
always effective*, but it is attended 
by the accompanying disadvanta- 
geous symptoms of the artificial meno- 
pause in younger women, and the ces- 
sation of the reproductive function in 
patients who might want to hear chil- 
dren. Castration, whether surgical or 
radiological, is a radical procedure to 
perform on vounger patients afflicted 
with this disease. It is a procedure 
which carl alw.avs he done in the event 
that thf're is progression of the disease 
or continuation of severe symptoms 
following more conservative attempts 
at arrest of the disease. 

If is prohahle fliat many cases of 
endonietriosis are never discovered. 


Tliis indicates that many mild forms 
exist, and that in these no specific 
treatment is necessary. It is thought by 
many tliat incidental cases 'discovered 
at laparotomy . should be treated. 
Doubtlessly, many early seedlings can 
be e.xcised before fibrosis and scarring 
with deep invasion of adjacent organs 
have developed. Of course, no one can 
say that simple e.xcision will prevent 
tlie development of other lesions, but 
this procedure is relatively simple with 
the abdomen already opened, and can 
be performed with little or no addi- 
tional risk. Obvious chocolate cysts of 
the ovaries should be removed, but, 
witli care, it is often possible to pre- 
serve normal portions of the ovaries. 
This is only of value if there exists no 
other evidence of endometriosis involv- 
ing other structures, for as long as there 
remains any functioning ovarian tissue 
the lesions in the other organs may be 
activated. In this regard, it might be 
well to mention that hormonal therapy 
with any of the estrogens following 
castration for endometriosis is liable to 
be followed by reactivation of the 
disease. Counseller*® has reported on 
the use of ovarian autografting for en- 
dometriosis, and claims good results 
in 4 of 5 cases in which the procedure 
was used. In his cases, however, all the 
diseased tissues were resected, and the 
grafts were used primarily to prevent 
or to control menopausal symptoms. 

Endometriosis of the urinary tract 
frequently poses a difficult problem in 
treatment. It is generally conceded^''- 
2 (t. 4 n.sr, transurethral fulguration 

has no place in the treatment of endo- 
metriosis of the urinar)' bladder. Of 
course, if the ureters are involved, the 
ri.sk of excision is great. In all those 
cases in which a reasonable chance of 
resection of the endometrioma exists, 
whether hv simple excision or by seg- 
mental resection of the bladder, the 
local procedure should he performed, 
especiallv if the patient has expressed 
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a desire for children. In those cases 
m which the hazards of resection tend 
to increase the operative mortality, a 
radical operation on the generative or- 
gans is the procedure of choice. 

Jenkinson and Brown^“ have taken 
the stand of Cattell, whom they quote 
as having stated in 1937 that it was al- 
most always necessary to remove both 
ovaries in a patient who presented deep 
lesions of the rectum and sigmoid. 
Mayo and Miller^^ and others®--'^® ai'e 
also of this opinion. Some authors®'’ 
believe that radiation castration is of 
value, but only if biopsy has confirmed 
the diagnosis. The treatment of intes- 
tinal obstruction caused by endometri- 
osis is always surgical. A preoperative 
diagnosis will oftimes save the patient 
a resection of the bowel, and treatment 
will consist of bilateral oophorectomy 
and hysterectomy, with or without a 
temporary complementary colostomy if 
deemed necessary because of the de- 
gree of obstruction present. The therapy 
of ileal lesions will consist of internal 
decompression with the Miller-Abbott 
tube or similar device, restoration of 
fluid and electrolyte balance, followed 
by resection of the involved loop of 
ileum, and primary anastomosis. The 
performance of panhysterectomy and 
oophorectomy depends on the presence 
and degree of associated pelvic disease. 
If, however, the patient is desirous of a 
future pregnancy, and there is a rea- 
sonable chance thereof, and evidence 
exists indicative of fair o\farian func- 
tion, a conservati\'e operation on tire 
ovaries might be perfonned, with re- 
section of the involved bowel. McGuff, 
I>ockert)% Waugh and RandaU®^ claim 
that die prognosis of patients who have 
had obsb'uction of the bowel due to 
endometriosis is e.vcellent. The chief 
factor in deciding whether to perform 
radical or conservative surger}' on the 
ovaries is the desire for and possibilitv^ 
of future pregnancies. The possibilities 
for future successful pregnancies are 


not very good as a rule in tlie course 
of this disease. Low**’ was able to sal- 
vage only 9 children out of 249 cases, 
90 of which were treated conservative- 
ly. Meigs®^’®® claims a pregnancy sal- 
vage rate of between 9 and 29%. 
Payne'’'* salvaged pregnancy in 9% of 
his series; Lock and Myers*" in 30%. 
The prognosis for increased fertility 
following therapeutic measures for en- 
dometriosis must certainly be guarded. 
Androgen therapy has been tried in the 
past several years witli good success, 
especially when dealing with recur- 
rences following the menopause or 
castration.*'’-®- Miller'’'* has used testo- 
sterone preoperatively to diminish the 
activity of the process so as to allow 
for radical surgery, and achieved ex- 
cellent results without any masculiniz- 
ing effects. 

Summary. Endometriosis is a disease 
of women in tire child-bearing age. It 
is of unknown etiology, altliough many 
theories have been advanced to explain 
its onset and pathogenesis. It is a dis- 
ease very frequently associated with in- 
fertility and underdevelopment of the 
genital tract. Its manifestations are 
very protean, and it has been shown 
tliat almost er'ery organ system of the 
abdomen may be the site of aberrant 
endometrium. Endometriomas have 
been found in the groin, and extremi- 
ties, and may be experimentally trans- 
ferred to the lungs, anterior chamber, 
and other organs of the body. The di- 
agnosis is frequently easily made when 
a careful history reveals an acquired 
dysmenorrhea, pelvic pain, especially 
on jarring, and exacerbations at the 
time of the menses. Examination re- 
veals characteristic shott)' masses in 
the rectovaginal septum most easily 
palpated by rectum. 

The treatment of this disease de- 
mands a high degree of judgment on 
the part of die surgeon. In single le- 
sions invoh'ing only the serous coat of 
a given structure, it is frequentlv pos- 
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sible simply to resect the lesion. It is 
safer to err on the side of radicalism in 
treatment, however, than to attempt 
preservation of ovarian function when 
tliere is some involvement of botlr ad- 
nexae or when there is involvement of 
one adnexa and adjacent uterine wall. 
One exception to tliis, of course, is the 
case where tlie patient is very desirous 
of a future pregnancy. Conser\'ative 
measures cannot be recommended for 
the relief of sterility, although they 
should be performed wherever possible 
in the hope that fertility might be re- 
stored. The reported salvage rate of 
subsequent pregnancies ranges from 9 
to 30%. Patients on whom conser\'ative 
measures are performed should be ad- 


vised that future operative treatment 
might be necessary. 

Endocrine therapy with the andro- 
gens has a ver}' definite place in the 
treatment of tlris disease, but should be 
reserved for those cases which have 
recurrences of symptoms follo%ving 
castration, and in those few cases 
where a recurrence of symptoms de- 
velops after the menopause. Estrogens 
should not be used for control of meno- 
pausal symptoms for fear of stimulating 
any remaining lesions.®'-^-'''’ 

The use of Roentgen-ray therapy in 
endometriosis has not been met wth 
enthusiasm, for it is thought that a defi- 
nite diagnosis must be made by 
biopsy before irradiation therapy is 
instituted. 
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ViRiVL hepatitis, which became a 
major problem during World War II, 
is now being detected much more fre- 
quently in civilian populations over the 
world. The thought is growing that 
many patients with obscure liver dis- 
orders, infants and children as well as 
adults, have been ill with unrecognized 
viral hepatitis. With this concept 
in mind, and in order to clarify the 
types of liver disease which are actu- 
ally encountered in the pediatric age 
period, a survey has been made of the 
papers on liver disease in infancy and 
childhood reported as such in the med- 
ical literature of the past 15 years. 

Since in most cases the pathogenic 
agent is not known, the descriptions 
and classifications in the reports have 
been based almost solely on morpho- 
logic grounds. .Apparently similar le- 
sions have often been described under 
different names by different authors. 
Due to tile difficulties involved in in- 
terpreting conditions of obscure origin, 
particularly when studied by others, 
little attempt is made in this review 
to alter the diagnoses as originallv 
made iiy tlie reporting authors. 

Tumors. Solitars' cy.Kts of the 

liver fi.ave prosed clinicalfy important 
(TO!) 


only when large enough to mechani- 
cally produce disturbing symptoms or 
to be physically detectable. White,'- in 
1936, described a huge cyst, apparently 
of bile duct origin, in a 4 month old 
male infant. In his discussion, White 
mentioned tliat less than 6 such non- 
parasitic cysts have been reported in 
the first decade of life. The majority of 
evsts are congenital in origin, and 
are classified as follows: (1) dermoids, 
(2) cysts lined with ciliated epithelium 
from primitive foregut, (3) lymphatic 
cysts, (4) bile duct cysts, (5) cysts of 
blood-vessel and endothelial origin, At- 
akam"’ described a congenital hepatic 
evst in a 9 year old girl which 
was diagnosed as an ovarian cystoma 
and was surgically removed. Mont- 
gomer)'’'’ described several clinically 
recognized cysts which he thouglit 
were probably of biliary origin. He 
.stated that 25 out of lOS cases reported 
to date were in children under 13 
years of age. 

In this connection, mention should 
he made of congenital polycystic dis- 
ease of the liver. In this disease, mul- 
tiple CA'sts are scattered through the 
liver and usually through other organs 
as well.^'^' The pancreas, kidneys. 
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spleen, ovary and lungs may also be 
affected. A discussion of the condition 
is given by Waterson and Morgan.®® 
Ewing^® states that the association of 
polycystic disease of the liver and kid- 
neys may be found at autopsy in 
congenitally malformed infants, espe- 
cially females, 

Ad'enoma. Wilens'^® described a be- 
nign solitary hepatic adenoma in an 8 
month old white male infant. Rupture 
of a dilated overlying vein necessitated 
surgery. At operation, the tumor was 
inoperable. 

Cavernous Hemangioma (Hemangio- 
Endothelioma). These vascular tumors 
produce progressive abdominal swell- 
ing due to an enlarging liver. Gastro- 
intestinal symptoms and anemia are fre- 
quent, whereas jaundice and ascites are 
infrequent.®® One case report describes 
a 3 day old newborn infant who died 
of rupture of a cavernous liver heman- 
gioma following difficult labor.®^ 

Neuroblastoma. Two cases of hepatic 
neuroblastoma have been reported, 
the patients being infants.®®-®® In both, 
the histologic pattern was that of “sym- 
pathoma”. A fibroblastoma of the liver 
has been described by Zuckerman.®® 

Primary Carcinoma. The usual prer 
senting syndrome in tlie many reports 
is that of a progressive enlargement 
of the liver, eitlier symmetrical or asym- 
metrical. Steiner®® reviewed 105 re- 
ported cases in 1938, and felt tliat 75 
presented enough positive evidence to 
justify die diagnosis. To diese he added 
2 personall)' observed cases: one, a 4 
month old girl, the odier, a 16 mondi 
old boy. Of die 77 patients, 41, or 
slightly more dian half, were under 2 
>'ears of age at the onset. There were 
51 boys and 24 girls, with the se.v not 
recorded for 2 patients. Steiner diought 
diat die frequent occurrence of die 
tumor at birth or in early infancy sug- 
gested diat a congenital factor was 
important in its causation, at least in 
some cases. Tlie sinnptoms were not 


characteristic, being dependent to a 
large extent upon the mechanical ef- 
fects of the growth in the liver. Pain 
was a common symptom. There were 
frequent disturbances of nutrition, with 
anorexia, anemia, and loss of weight, 
although some children appeared well 
nourished. Jaundice and ascites oc- 
curred infrequently. The onset of symp- 
toms was sometimes sudden, but more 
often insidious, with gradual slow en- 
largement of die abdomen. The aver- 
age duration of life following the 
appearance of symptoms was 4 months. 
None of the patients survived. Steiner s 
classification of the cases according to 
the type of lesion is as follows: 

Number of 


Type of growth ctLses 

Hepatoma 

Primary carcinoma (liver cell) 30 

Adenocarcinoma (liver cell) 15 

Carcinoma hepatocellulare solidum .... 2 

Medullary carcinoma 5‘ 

52 

Cholangioma 

Primary carcinoma S 

Unclassified 

Primary carcinoma 22 


Metastasis outside the liver occurred 
in 27.2% of the patients. Extension was 
sometimes into the portal and hepatic 
veins, and sometimes into the inferior 
vena cava. Metastasis to the lymph 
nodes occurred in 9 patients, to the 
lungs in 16, and to the pleura, pericar- 
dium, spleen and pancreas in 1 each. 
The tumor may spread within die liver 
by direct invasion of the capillaries, 
and at autopsy may be found widely 
disseminated. 

Teratoma. Two instances of malig- 
nant hepatomas ha\4ng teratoid fea- 
tures were reported.®®-"®^ Sarcomatous, 
osteoid and cai^emous areas were noted 
in diese tumors. One patient widi mul- 
tiple tumors of die hamartoma type was 
also reported.®® 

Trauma and Rupture. In die newborn 
period, rupture, of the liver is usually 
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ascribed to trauma, although infarction 
and hypoprotlrrombinemia have been 
deemed contributor)^ factors in at least 
1 case. Henderson’s"® review describes 
47 cases of hepatic hemorrhage en- 
countered in 1,312 postmortem exami- 
nations of stillborn and newborn 
infants, and summarizes the general 
manifestations of the lesion. The sur- 
face of the liver adjacent to the anterior 
al)dominal wail was the site of tlie 
hemorrhage in most of the children. 
The incidence was higher in large in- 
fants and in prematures. Obstetrical 
almormalities or difficult deliveries were 
concomitants in the majority of cases. 

The sudden appearance of anemia 
in the first few days of life should make 
one consider rupture of a subcapsular 
liematoma."’' The diagnosis of intra- 
peritoneal hemorrhage can often be 
confirmed by paracentesis. 

Extravasations beneath the capsule 
of the liver are fairly common in the 
newborn period. Most of the hemor- 
rhages probalrly rcsorb without being 
clinically recognized. Only when the 
hematoma ruptures into the abdominal 
cavity are symptoms produced. Most 
cases are recognized after the develop- 
ment of this complication, or as inci- 
denlal findings at autopsv or operation. 

Subcapsular hemorrhage with rup- 
ture occurs also in older children, usu- 
ally sccondaiy to trauma, although a 
tumor or infarct may be the predispos- 
ing cause.''-'- Bluisii bronzing of the 
skin about the umbilicus may direct 
attention to the presence of blood 
within the peritoneal cavitv.® 

.Vbsccss. Bacterial. IVogenic abscesses 
<>1 the li\er h.ue been reported by a 
number of authors. They may be sec- 
oudar)' to umbilical infection of the 
iiewbom’’ or to an appendiceal ab- 
scess.'* Those associated with septi- 
cemia are often multiple. Slesingcr and 
.\nli!t‘s’'' gise an etiologic classifica- 
tion of pyogt'uic absce.sses, derived 
frii’ii Kutsumai,"' as follows: 


Dysentery 43 Tuberculosis 11 

Trauma 19 Umbilical infections 7 

Mesenteric Tj-phoid fever 6 

infections 17 Influenza 2 

Intestinal parasites 17 Unclassified 7 

Appendicitis 16 


In tliis connection, mention may be 
made of Brim’s® findings of postmortem 
lit'er cultures on 100 stillborn and dead 
newborn infants. E. coli was isolated 
from the liver in 3 and an anerobie 
streptococcus, a species of genus Bac- 
teroides, and a gamma streptococcus 
in each of 3 others. 

Amebic. Amebic abscesses, though 
rare, can occur in childhood.®^-®® The 
clinical manifestations differ little from 
those seen in adults, and the response 
to surgical drainage and anti-amebic 
medications is good. 

Others. Liver abscesses due to ascaris 
lumbricoides,®" echinococcus,®® and tri- 
chomonas hominis®^ have been re- 
ported, as have multiple tuberculo- 
mata,®®*' and gummas and cirrhotic 
lesions in congenital syphilis.” Several 
instances of obscure granulomas in the 
liver have also been recorded.'"''®® 

Infiltrations. Xanthomatoses. The 
liver, with its large number of reticulo- 
endothelial cells, exhibits prominent in- 
filtrations in the .xanthomatoses. Se%'eral 
articles have stressed the liver infiltra- 
tion. Weidman and Stokes®' described a 
4 year old white girl with extensive xan- 
thoma tuberosum due to infectious 
cirrhosis. M'ood®® reported an unusual 
instance of primary' liver carcinoma in 
an 8 month old white girl who, at 
autopsy, had lesions suggc.stive of Nic- 
man-Pick’s disease. Tlie association of 
lhe.se 2 diseases was attributed to coin- 
cidence. Herbert’s®-' patient was a 7 
year old wliite girl with arrested 
growth, enlarged liver and spleen, renal 
tlisease with albuminuria and hyper- 
tension, and enormous increases in 
plasma pliospholipids and cliolestcrol. 
She had repeated attacks of jaundice 
dating to 2 weeks of age, when a severe 
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umbilical hemorrhage had occurred. 

Intracellular Liver Storage Diseases. 
Glycogen storage disease is the most 
commonly reported congenital disorder 
in which the liver cells seem unable to 
metabolize properly or utilize interme- 
diary metabolic substances, which then 
accumulate within the cells. Good re- 
views of glycogen storage disease can 
be found in the papers by van Cre- 
veld,®*^ Mason and Andersen, Bridge 
and Holt,'^ and Manter and Bowman."^'^ 
The variety of clinical and pathological 
observations has led Mason and Ander- 
sen, and also van Creveld, to suspect 
that the cases probably represent a 
group of different though related dis- 
eases rather than a single entity. Mason 
and Andersen, after a critical review of 
68 cases, have proposed the following 
classification (condensed slightly from 
their paper): 

Cases in wliicli the main deposit of glyco- 
gen was in the liver (glycogen storage dis- 
ease of the liver). 

1. Primary defect probably a complete or 
a partial inability of the liver to transform 
glycogen into dextrose and possibly dextrose 
into glycogen (von Gierke’s disease; 34 
cases ) . 

A. Rise in blood sugar after the admin- 
istration of epineplirine less tlian 10 mg. 
per 100 cc. (15 cases). 

B. Rise in blood sugar after epinephrine 
between 10 and 40 mg. per 100 cc. (11 
cases ) . 

C. No blood sugar curves after epine- 
jdirine reported but postmortem observa- 
tions showed that the li\'er failed to break 
down its glycogen (2 cases). 

D. No blood sugar curves after epine- 
phrine and no poshnortem enzyme studies 
reported but postmortem examination re- 
vealed a gross excess of glycogen in the 
liver and the kidney (6 cases). 

2. Chronic galactosuria with hepatomegalv. 
'yith the li\'cr apparent!}' unable to metabo- 
lize galactose normally. 

3. Fnictosuria, witli the liver apparently 
luiablc to form gb'cogcn from IcMilose but 
usnally without hepatomegaly. 

4. Abnormal regulation of insulin in the 
body, with glycogen deposited in the liver. 

A. llvporinsulinisin resulting froni tumor 


of the islands of Langerhans with large 
amounts of dextrose given. 

B. Diabetes meUitus witli large amounts 
of insulin and dextrose given. 

5. Unclassifiable in the preceding groups, 
sometimes because of inadequate data. 

The characteristics common to most, 
if not all, cases of glycogen storage dis- 
ease seem to be: (1) marked hepato- 
megaly, (2) fasting hypoglycemia with 
resulting ketosis, (3) little or no rise 
in blood sugar level following an injec- 
tion of epinephrine, (4) high glycogen 
content in the liver, and (5) abnormal 
stability of liver glycogen after death. 
Secondary effects of impaired glyco- 
genolysis are: (1) hypoglycemia which 
may induce ketosis, cerebral symptoms 
and possibly impair resistance to infec- 
tions, (2) excessive conversion of car- 
bohydrate to fat, which sometimes 
leads to obesity, and (3) negative 
nitrogen balance resulting from in- 
creased formation of sugar from pro- 
tein and leading to impaired growth. 
Other evidences of liver disturbance 
include a defect in prodirombin forma- 
tion, disturbance in methylation and, 
in infancy at least, lipemia, Tliat the 
disorder may be familial is indicated 
by the report of Abramson and Kurtz’ 
describing 4 fatal cases among siblings 
of one family. 

Debre and associates’^ have empha- 
sized tliat some children have chronic 
fatty enlargement of the liver in asso- 
ciation with both disturbances of car- 
bohydrate metabolism and hyperlip- 
emia, and Kramer, Gravzel and Solo- 
mon”® and others have described sim- 
ilar cases. These children mav exhibit 

j 

all the phenomena of glycogen storage 
disease along with the associated fat 
disturbance. Chemical e.xamination of 
their li\'ers re\’eals an unusually high 
fat content. Some have had a high gly- 
cogen content in addition, whereas 
others have had no such increase. Xan- 
thomatous lesions mav be present in the 
skin and elsewhere. .\ critical analvsis 
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of the reported cases has been made 
by van Creveld.®’’ 

Hepatomegaly of Unkno\%'n Etiology. 
There are many reports in tlie litera- 
ture of hepatomegaly of obscure origin 
occurring in children. McFarlane and 
Branday^® describe 18 instances of 
painless abdominal enlargement due to 
an enlarged liver with ascites, seen in 
colored children in Jamaica. This is a 
chronic illness appearing in the age 
group 1 to 10 years, with intermittent 
fever, anorexia, jaundice and vomiting. 
Nutritional deficiency appears to be a 
contributing factor. Sometimes the 
spleen is enlarged as well, leading to 
a disturbance resembling Banti’s syn- 
drome. Several authors believe the 
pancreas may be responsible in some 
way for the hepatic enlargement. 

Inflammation and necrosis due to 
poisoning. The liver is one of the chief 
detoxifying organs in the body. Most 
textbooks of pathology and pediatrics 
give an exhaustive list of diverse toxins 
which are knovm to cause liver inflam- 
mation or necrosis, perhaps followed by 
cirrhosis. Anesthetics, synthetic drugs, 
toxins of the infectious diseases, and 
naturally occurring poisons of plant 
and animal origin have all been impli- 
cated or at least suspected of being re- 
sponsible for li\cr damage in some 
patients. 

The identity of the noxious agent in 
any individual patient may not be 
clearly known, so that occurrence of 
some poisoning is often made solely 
on inferential grounds. In these circum- 
stances it is always difficult to rule out 
viral hepatitis. Newborns as well as 
older infants and children mav be af- 
fected.^- Menten and .Andcr.scfi^' have 
ri-ported .8^8 instances of liver disease 
among 299 Tiecropsies of children who 
li.id been receising sulfonamide ther- 
apy. Tliree had toxic necn)sis, 9 had 
toxic centr.al necrosis, and 2f> had ser- 
ous hep.ititis and bettinniu" toxic cen- 
tral necrosis, lliere xvas no correlation 


betxveen the amounts of sulfonamide 
received and the liver lesions, and the 
relationship to the sulfonamides was 
not clear. 

Henderson^^ has described various 
liver lesions in infants with erythro- 
blastosis fetalis of severe degree. The 
incidence of cirrhosis of the liver was 
greater with the increasing length of 
survival of tlie affected children. 

A number of cases have been re- 
ported of liver cirrhosis or necrosis 
among children due to alcohol,®^ bis- 
muth, mushroom poisoning,"^ cop- 
per,-' and sulpharsphenamine.'^ Price'’® 
has suggested that barbiturates given 
to parturient women during labor may 
exert some toxic influence on the fetal 
liver. 

Cirrhosis. Harrell and McBryde-® 
classified the etiologic factors of cir- 
rhosis of the liver in humans as follows: 

Intoxic.ition of cells by: Metals; organic 
compounds. 

Obstruction to bile by: Congenital defects; 
tumors, stones. 

Obstruction to blood by: Cardiac failure; 
venous thrombosis. 

Infection: Of blood stream, of biliary tract; 
through effects of toxins. 

Par.asiti.sm of: Blood; intestinal tract. 

Diet .and metabolic disturbance by: Alco- 
hol; diabetes, hyperthyroidism. 

Combinations of: Intoxication and infec- 
tion; obslniction and infection. 

Unknown causes. 

Their report described 20 children with 
cirrhosis seen at the Duke Hospital, 
of whom 1-3 came to autopsy. Tlieir 
conclu.sion was that the pathologic pic- 
ture of cirrhosis in childhood resembled 
that seen in adult life, but classification 
is more difficult and often impossible. 
Tliey suggest that the etiologic factors 
are often multiple, 

Bilinnj CirrJwxis. An orthodox dis- 
cussion of biliarx' cirrhosis in childhood 
is given in the paper by Evans'® who 
divided this disturbance into 4 sub- 
groups. as follows: (1) Congenital 
biliarx- cirrhosis with or without oblit- 
eration of ducts; (2) Infantile biliarx' 
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cirrhosis of Indian nurslings; (3) Ac- 
quired obstructive biliary cirrhosis- 
common duct obstruction; (4) Ac- 
quired non-obstructive biliary cirrhosis 
(Hanot’s type). Most authors who 
have described individual cases of 
biliary cirrhosis, however, report them 
as such without subclassification. Bili- 
ary cirrhosis secondary to congenital 
aplasia of the extrahepatic bile duct 
system is much more common than the 
limited number of reports would indi- 
cate. 

The diagnostic problems associated 
with the recognition of congenital de- 
fects of the biliary tract have been em- 
phasized by Woolley, who points out 
that there are no absolute methods for 
diagnosing these anomalies pre-oper- 
atively. Surgical exploration may reveal 
atresia of part or all of the extrahepatic 
ductal system, but biopsy specimens 
are needed for careful study of the liver 
architecture itself. Woolley comments 
that of a dozen infants in whom oblit- 
eration of extra-hepatic bile passages 
was strongly suspected, the diagnosis 
was confirmed at operation in only 3 
instances, “The clinical laboratory . , . 
does not possess a critical test in this 
condition”. Tire experience of the Re- 
viewers corroborates that of Woolley. 

Familial Cirrhosis. Cirrhosis of the 
liver occasionally develops in 2 or more 
children of the same family.'^® Tlie liver 
lesions are variously described as hepa- 
tomegaly or hepatosplenomegaly, cir- 
rhosis, portal cirrhosis, hepatic sclerosis 
and so fortli. The condition may re- 
semble Band’s disease.'^® 

Atrophic cirrhosis. Dunsky^® de- 
scribed a congenital biliary form of 
cirrhosis in a 2 month old white infant 
and stated that in infancy tlie biliar)' 
Variety is more common than tlie portal 
'’ariety. He cites several references to 
illustrate the frequent association of 
kidnc)' lesions wath tliis form of cir- 
rhosis, and ascribes tlie kidney damage 
Ic injiuy from the unusual quantih’ of 


exogenous or endogenous toxins being 
excreted by it which the damaged liver 
had not been able to previously neutra- 
lize or detoxify. Braid and Ebbs,'^ 
Webster^®^ and Drummond and Wat- 
kins^® have suggested tliat Rli incom- 
patibility and lesions resulting there- 
from may be responsible for the 
cirrhosis in some families. 

Infantile Cirrhosis in India. Cirrhosis 
and other liver diseases are unusually 
common in India, and an abundant 
literature on tlie subject is accumulat- 
ing.^^ Prabhu®^ summarizes tlie findings 
in 100 cases. The disturbance seems to 
be more common among Hindus. Its 
familial incidence is 20 to 30%. It is 
seen in the wealtliy and middle class 
as well as among the poor. Children 
aged 1 to 2 years seem tlie most often 
affected. There is no sex predilection. 
Many writers believe tliat the diet is 
responsible but no convincing data are 
available on this point. Prabhu postu- 
lates an underlying familial or congen- 
ital defect. Infection may be important 
in the pathogenesis. 

The liver disease as seen in India has 
an insidious onset with progressive lii'er 
enlargement, digestive symptoms, and 
mild hypochromic anemia. The course 
lasts 1 to 2 years and is usually fatal, 
but children who survive beyond 2 
years often recover. Apparently tlie 
jirognosis depends upon die extent of 
destruction of die liver substance dur- 
ing die early acute stages. 

Other Cirrhotic Disturbances. There 
are reports suggesting that cirrhosis 
may be associated with disturbances in 
calcium and phosphorus metabolism, or 
with resistance to vitamin D.-^ Gillman 
and Gillman-® have described liver 
damage in infantile pellagra. The li\'er 
is often sclerotic in er)i;hroblastic 
(Mediterranean) anemia. 

Amberg= di\ides ju\'enile cirrhosis 
into 2 forms. One is a biliarj' t)'pe, 
which is most common in children 
between 6 months and 2 vears of age. 
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'I’liis is said to last i month to 1 year, 
and carries a high mortality rate. Tlie 
inajorit)" of children under 1 year wMi 
cirrliosis have this varieh', according 
fo Amberg. In later 3 'ears, the portal 
type of cirrhosis predominates. Infan- 
tile portal cirrhosis has a progressive 
course, and few cases have survived 
more than 5 years, according to this 
author. Ninety per cent of the children 
with portal cirrhosis have splenomegaly. 

In reviewing the cases reported in 
the past 15 years, one finds that many 
authors simply describe cirrhosis of the 
liver in childliood without attempting 
an anatomic or etiologic classification. 
Many of the papers were written be- 
fore the importance of \’iral hepatitis 
was appreciated, and most of the 
reports do not mention any possible 
relationship between hepatitis and 
cirrhosis. 

Acute Yellow Atrophy, A number of 
reports of this syndrome have been 
recorded. The affected children have 
been of all ages, and the clinical course 
has usually been abrupt and fatal. 
Heports of acute \’eIlow atropity in 
cliiidren occurring in the course of 
sin.'di epidemics of catarrhal or infec- 
tious jaundice are of special interest.^^’'® 
•Acute yellow atrophx’ is clearly not a 
disease entitv, but a fatal syndrome 
which mav complicate any U'pc of 
severe liver damage. 

Viral Hepatitis. Both infectious (epi- 
demic) hepatitis and (homologous) 
senim hepatitis have received an 
alHUidance of attention in the past few 
><Mrs. lA!iaustiv<‘ review articles have 
Ixcn prep.ireci by Xeefe, Gellis. and 
■Stohes.’- Stokes.' - and Havens,"-’ Webb 
ami Wolfe rt ri-ported an increased 
inc idence of infectious and liornologous 
s>rum hepatitis in children during 
11)1!. 1915, and 1919. and slated th.at 
tion-icteric patients arc more frequent 
than icteric otips. .Apjev and Wallis' 
(-virn-ludetf from their <-xperience in 
f-.’fie|,i!(fi tliat senini le-patitis is rare in 


infancy. Parsons-*'”’ reported an e-xample 
of familial hepatitis in which 4 died of 
hepatic failure in die second decade of 
life, 2 are living with hepatic enlarge- 
ment, 2 are alive and well, and 1 died 
probably of another cause. The early 
clinical picture of these cases was 
highly compatible with infectious hepa- 
titis. Autopsy on 2 of those who died 
revealed peri-lobular and multi-lobular 
cirrhosis with areas of cellular regen- 
eration. Dunsk)',^® Moon,*" and others 
have described instances of familial 
cirrhosis among siblings, u'hich may 
well represent sequellae to infectious 
hepatitis. 

Whole blood, plasma, and blood prod- 
ucts have been responsible for trans- 
mitting semm hepatitis in children as 
well as in adults. However, no 
instance of serum hepatitis has been 
attributed to the administration of 
gamma globulin. On the other hand, 
fraction I (the anti-hemophilic frac- 
tion) of plasma, prepared according 
to the method of Cohn and co-workers, 
has been very’ recently showi to be 
capable of carrying the virus of homo- 
logous serum hepatitis.'’-’’® 

Neefe and Stokes”-’’ reported an epi- 
demic of infectious hepatib's which 
occurred at a summer camp in Pennsyl- 
vania. The epidemic was clraracterized 
bv an unusually high attack rate. From 
the total camp group of 573, of whom 
about tvv'o-thirds were campers between 
3 and 17 years of age, 44'7, developed 
hepatitis with jaundice, and an addi- 
tional had hepatitis without overt 
jaundice. Tlic clinical picture of hepa- 
titis in these children did not differ from 
that seen in adults. Epidemiologic ob- 
servations and transmission experiments 
provided evidence that the agent re- 
sponsible for this epidemic was water- 
borne, and was being e.xcrctcd in the 
feces of persons with the disease. 

Horstmann, Havens, and Deutsch”' 
reported 2 iiistifiitionai outbreaks of 
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infectious hepatitis involving children. 
One institution had 53 cases of hepa- 
titis with jaundice and 56 cases of 
questionable hepatitis without jaun- 
dice. In the 2nd institution, 65% of 68 
patients having hepatitis with jaundice 
were children under 16 years. The dis- 
tinguishing features of infectious hepa- 
titis as seen in these children were its 
mildness and short duration. None had 


a severe illness with prolonged jaundice 
or protracted convalescence. It would 
appear, however, that in childhood the 
Clinical pictures of both infectious and 
homologous serum hepatitis are not 
greatly different from what is seen 
among adults, and the disease may 
vary in severity from subclinical dis- 
turbances at one extreme to rapidly 
fatal liver atrophy at the other.-" 
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PHYSIOLOGY 

PROCEEDINGS OF 

The Physiological Society of Philadelphia 

SESSION OF NOVEMBER 16, 1948 


The Oxidation of Ferrocytochrome-C 
by Peroxidase and Peroxides. Britton 
Chance,** Ph.D. (Johnson Research 
Foundation, Univ. of Penna.). 

Whereas cytochrome oxidase has 
generally been recognized as the only 
physiological oxidant of ferrocyto- 
chrome-c, this paper shows that perox- 
idases from plants and from milk, in 
addition to the cytochrome-c peroxi- 
dase found in yeast by Altschul, 
Abrams, and Hogness,^ can perform 
this' oxidation in the presence of hydro- 
gen peroxide or alkyl hydrogen perox- 
ides. 

Contrary to the negative results of 
Altschul, Abrams, and Hogness,^ horse 
radish peroxidasef^® is an active 
catalyist for the oxidation of ferro- 
cytochrome-c by hydrogen peroxide. In 
fact, at ferrocytochrome-c concentra- 
tions of about 1 X 10“** M, this oxida- 
tion proceeds as rapidly as would 
the oxidation of tlie same concentration 
of pyrogallol which is usually used to 
measure peroxidase activit)^ A similar 
catalysis is observed when lactoper- 
oxidasef^" is used. 

The kinetics of the oxidation of 
ferrocytochrome-c hax^e been recorded 
by a sensitive spectrophotometric 
technique^ and are found to be un- 
usual; the speed of the reaction is not 
proportional to the concentration of 
ferrocytochrome-c; the reaction x'eloc- 
ity does not decrease rapidly until tlie 
concentration of ferrocvtochrome-c has 
fallen to a rather low \alue. Tliis is 
interpreted to mean that the rate of 
iu eakdown of a complex of peroxidase- 
peroxide and ferrocvtochrome-c max’- 
he a limiting step in the catalvsis. For 
this reason, the tumover number in 


this reaction is limited to about one 
mole of ferrocytochrome-c per mole of 
peroxidase per second at 25° C. and 
pH = 7.0. The corresponding figure 
for lactoperoxidase is 0.6. The corres- 
ponding figure for cytochrome-c perox- 
idase prepared from yeast was not 
given by Altschul, et al,^ but appears 
to be considerably greater. 

Some calculations have been made 
which show that the turnover number 
for the oxidation of ferrocytochrome-c 
by horse-radish peroxidase is compat- 
ible with the observed Q 02 of slices of 
horse-radish root. The values of 
40-100^^ L/G(wet)/hour for horse- 
radish root'' would correspond to a 
turnover of cytochrome-c of 0.5 to 
1.25MM/sec. The peroxidase concen- 
tration is 50-175 P.E. per 200 g- and 
corresponds to 2.3 to 7.8 mM. The 
required turnover number for perox- 
idase is about 0.1 times per second 
since one peroxidase-peroxide complex 
oxidizes two ferrocytoclirome-c mole- 
cules. This value is well wuthin tlie in 
vitro value above. Tlie concentration 
of cytochrome-c in horse-radish root 
has not yet been measured, but based 
on Goddards data'* for wlieat germ, 
a x'alue on the order of 10~'^ M may be 
expected. Tliis is sufficient for peroxi- 
dase action. 

The source of peroxide for such an 
oxidation is not knoum at present; how- 
ever, s'ei'eral oxidase systems are 
recognized to reduce oxygen to hydro- 
gen peroxide, xantliine oxidase, di- 
amino oxidase, glucose oxidase,® and 
peroxidase itself in the presence of 
dihydro.xxanaleic acid and oxygen." 

Although no proof is offered tliat 
this mechanism of ferrocvtochrome-c 


* John Simon Guggenheim Memori.al Fellow. 
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actual!)’ occurs under physiological 
conditions, it is clear that cytochrome 
oxidase need be no longer taken 
to be the only catalyst in milk, plants, 
and >east which can cause the oxida- 
tion of ferroc}’tochrome-c. 

Physiology of tlie Breathing Impair- 
ment in Antliracosilicosis. Hurley 
L. Motley, Ph.D., M.D., and Leonard 
P. Lang, M.D. (Dept, of Medicine 
Jefferson Medical College and Cardio- 
Respiratory Laboratory, Barton Memo- 
rial Division, Jefferson Hospital). 

Physiological studies were made on 
more than 100 antliracite coal miners 
with respirator)' complaints after pro- 
longed exposure to dust. The breathing 
impairment may be classified in 4 main 
divisions; (1) decreased ventilation 
(maximal breathing capacity and vital 
capacity), (2) increased residual air 
(degree of emphysema expressed quan- 
titatively as residual air percent of 
total lung volume), (3) disproportion 
between alveolar perfusion and venti- 
lation (inadequate alveolar blood flow 
and reduced ox\’gcn removal from 
inspired air), and (4) impaired distribu- 
tion (unequal alveolar aeration) with 
mean pO^ gradient between alv'coli 
and arterial blond increased. Multiple 
irnolvcmcnt may occur contributing to 
the arterial blood changes (low pO;, 
high pCO;, and decreased oxygen 
saturation) and magnitude of hyper- 
ventilation. Except for poor distribu- 
tioir tile main compensator)- mecha- 
nism is hvprrv.eutilation, which is 
adecjuate in the early stages and until 
loss of elasticity of longs and chest wall 
slntcfnres restricts ventilation to the 
fl>spnea level, llie amount of hyper- 
\»nti!afinn without dyspnea varies 
widelv. Fibrosis in some subjects, with- 
out a significant degrei; of einphvsema 
and reduction in vctitikation. results in 
uru-qin! alveolar arration and an 
increased percentage of pnorlv venti- 
l.ated alveoli, producing an increased 


mean pO-^ gradient from alveoli to 
arterial blood and decreased arterial 
Oo saturation. Studies with high and 
low levels of o.xygenation indicate that 
the increased p 02 gradient is primaril)' 
one of distribution and not a diffusion 
difficult)' through the pulmonary mem- 
brane. Approximately two thirds of tire 
patients had a significant degree of 
emphysema (residual air 35 to 65% of 
total lung volume). Vital capacity and 
maximal breathing capacity were of 
limited value in appraising the breath- 
ing impairment of patients with little 
or no emphysema but marked distribu- 
tion impairment. The Roentgen-ray 
stage of silicosis was poorly correlated 
with functional change. No single test 
was satisfactory for correctly evaluat- 
ing the breathing impairment in the 
group. 

The Effects of Change of Position 
Upon the Cerebral Circulation of 
Man.® H. A. Suenkin, Nf.D., W, G. 
SaiEUERMAN, M.D., E. B. Spitz, M.D., 
and R. A. Groff, M.D. (Harrison Dept, 
of Surgical Research, School of Medi- 
cine, and Graduate Hospital Univ. of 
Penna.). 

Tire cerebral blood flow and otlier 
cerebral functions were determined by 
the nitrous oxide method of Kety and 
Schmidt. A group of 5 normal persons 
were tilted head up 20 degrees from 
the horizontal and no change was 
noted in the cerebral Idood flow. The 
mean carotid pressure dropped from 
an average of SS to 73 mm. Ilg. in this 
maneuver, and the ccrcbrovascnlar 
rcsi.slance decreased from 1.7 xinits to 
1.4. .A group of 6 patient.s will) brain 
tumor were also tilted head nn 20 
dc'grees ami here the cereliral blood 
O'w diminished on the average from 
51 to 36 ec./lOOg./min. The mean 
carotid nre.ssure fell also in this latter 
groun (from 02 to SO mm. Hg.) but tbe 
e<'«-brova-,cnlar resistance increased by 
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A group o£ 4 normal patients were 
tilted head down 20 degrees from die 
horizontal. In this group the cerebral 
blood flow actually diminished by 14% 
although the mean carotid pressure 
increased 10%. The diminution of 
cerebral blood flow appeared to be 
occasioned by a 24% increase in 
cerebrovascular resistance. Four pa- 
tients with brain tumor were tilted 
head down. No significant change in 
carotid arterial pressure, cerebral 
blood flow or cerebrovascular resist- 
ance were noted. A consistent decrease 
of cerebral oxygen consumption aver- 
aging 17% did occur. 

The most plausible explanation for 
the alterations of cerebrovascular resist- 
ance in the normal state and the 
resultant maintenance of cerebral 
blood flow at normal levels is die 
assumption of a nervous control of the 
cerebral circulation. With this hypoth- 


esis die changes of pressure in the 
carotid vessels could serve as stimuh 
for reflexes that alter cerebrovascular 
resistance. In the brain tumor patients 
such reflexes are depressed and conse- 
quendy the head up position causes a 
decrease in cerebral blood flow, and 
the head down position causes a far 
less marked reaction in the cerebro- 
vascular resistance than is noted in the 
normal series. 

In the treatment of brain tumor 
patients, it appears tiiat the head up 
position is' deleterious, insofar as it 
distincdy reduces the cerebral blood 
flow. The results of this investigation 
do not offer any objection to the head 
down position in the treatment of such 
patients, if it is desired to aid in die 
drainage of the upper respiratory tract 
or prevent aspiration of gastric con- 
tents'. 
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BOOK REVIEWS AND NOTICES 


Evertoay Miracle. By Gustav Eckstein. 
Pp. 235. New York: Harper & Brothers, 
1948. Price, $2.75. 

These essays, conclusive by faint implica- 
tion only, are in the tradition of M. Henri 
Fabre. Observation is wanned by the ob- 
server’s aifection for the observed, and tlie 
reader shares in the witer’s appreciation of 
individual canaries, chimpanzees, mice, 
cockroaches and macaws, bmsting tlie ac- 
curacy of his briefly focused spotlight. 
Unlike M. Fabre, Dr. Eckstein has a liter- 
ary sense of drama, which the great 
Frenchman escaped. E. T. 


Medical Clinics of North America. Nation-: 
wide Number. Pp. 253; 33 ills. Phila.; W. 
B. Saunders, March, 1948. Price, $16.00 a 
year. 

This volume is a symposium on diseases 
of the digestive system and covers in a 
concise practical manner most of the mor- 
bid states encountered by a gastroenterolo- 
gist in this country. Bacterial and parasitic 
diseases are not included, except for amebic 
hepatitis and an article dealing with the 
possible relationship of amebiasis to in- 
determinate ulcerative colitis. 

Emphasis is given to the controversial 
subject of vagotomy by including a clinical 
conference on this procedure. 

The approach to all subjects is from 
the clinician’s point of view with a mini- 
mum of discussion of theoretical aspects 
and of e.xperimental data. This leads to 
easy reading and also makes this volume a 
valuable reference when one desires a 
quick clinical review of a subject. W. S. 

The Theomatic Apperception Test. By 
Silvan S. Tomkins, Ph.D., Research Associ- 
ate, College Entrance Examination Board. 
With the collaboration of Elizabeth J. 
Tomkins, B.A. Pp. 297. New York: Grune 
& Stratton, 1947. Price, $5.00. 

The author presents a careful, systematic 
approach to analysis of projective material ob- 
tained by use of tlie TAT. He stresses idea- 
tional content to the exclusion of formal or 
structural elements which Rappaport and 
others have found useful; but offers a more 
detailed method of study of such content than 
either Rappaport or ^Iurray. The approach 
is eclectic. Most clinicians should find the 
(716) 


method of TAT analysis found here quite 
useful. 

The autlior begins with an all-too-brief his- 
tory of the development of tlie test, mention- 
ing only vaguely its relation to other pro- 
jective techniques and to the concept of men- 
tal testing in general. He then proceeds with 
a discussion of reliability and validity, largely 
in terms of statistical coefficients, derivation 
of which is left entirely to the reader’s imagi- 
nation or to his enterprise in looking up the 
references given. In a short chapter on ad- 
ministration, general instructions are given. 

The scoring system suggested by Tomkins 
is admittedly eumbersome and time-consum- 
ing and xvill probably prove more useful as an 
instrument for research than as a practical 
clinical tool. The elements included in tlie 
system, however, undoubtedly constitute a 
helpful guide and should be very useful if 
kept in mind while working uitli the test, 
even tliough most clinicians will find it inex- 
pedient to use tlie system formally. Among 
the concepts employed in the scoring system 
are: (1) ten vectors; (2) seventeen levels or 
planes of psychological function; (3) twelve 
conditions or states imposed on tlie subject; 
(4) qualifiers— more specific aspects of either 
vectors, levels or conditions, e.g., temporal 
characteristics, contingency, intensity, causal- 
ity, et cetera. There is a distmct gap in the 
relationsliip between tlie scoring system and 
die interpretation, which seems not to ap- 
pend to any great extent on quantitative find- 

The bulk of tire book is devoted to die 
problem of interpretation and includes many 
helpful sample stories. The material is con- 
sidered in relation to: (1) family and home 
relationships; (2) love, sex, and marital rela- 
tionships; (3) social relationships; (4) work and 
vocational setting. One of the most valuable 
chapters is tiiat devoted to Level Analysis 
in which the relation betiveen the story and 
the story-teller is probed. E. B. 


Hodgkin’s Disease and Allied Disorders. 
By Henry Jackson, Jr., A.B., M.D., Asst. 
Prof, of Medicine, Harvard Medical School; 
and Frederic Parker, Jr., A.B., M.D., 
Assoc. Prof, of Pathology, Harvard Medical 
School. Pp. 177; 14 plates. New York: 
Oxford University Press, 1947. Price, $6.50. 
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This important and interesting monograph 
is based upon a combined clinical and patho- 
logical study made by the authors over many 
years. Much o£ the material brought together 
in this volume has appeared from time to 
time in several medical journals, but it has 
now . been correlated and condensed and 
some new observations have been added. 

The major portion of this treatise is de- 
voted to a discussion of Hodgkin’s disease, 
followed by shorter chapters on related con- 
ditions. Each chapter assumes the character 
of a brief original communication. Abbrevi- 
ated case histories are used to illustrate the 
course of the disease, and excellent photo- 
graphs represent adequately the pathological 
lesions. 

The authors conclude, from their study of ■ 
259 cases of Hodgkin’s disease, that the con- 
dition appears in 3 distinct forms or stages. 
These can be distinguished both clinically and 
pathologically. The first, termed by them 
Paragranuloma, is comparatively benign and 
is often localized for long periods to regional 
lymph nodes; the second, termed Granuloma, 
the common type, is much more serious for it 
is generalized and frequently involves the in- 
ternal organs, being prone to affect the lungs, 
bones, spleen and intestinal tract, though it 
does not invade the nervous system; the diird, 
termed Hodgkin’s Sarcoma, is highly malig- 
nant and may invade any organ in tire body 
including tlie nervous system. “Transitional 
forms of these three types of Hodgkin’s dis- 
ease occur, but it is essential for die under- 
standing of the clinical features to recognize 
the existence of each.” It has long been known 
that Hodgkin’s disease may acquire the prop- 
erties of an invasive tumor, but the concep- 
tion set forth by' the authors is in general 
novel. 

They reiterate the statement that the 
presence of the Reed-Sternberg giant cells is 
always essential for the patliological diagno- 
sis of Hodgkin’s disease. They hold tlie be- 
lief,* not generally' current, tliat Hodgkin’s 
disease arises in a single focus, usually but 
not alway's located in ly'mph nodes, whence 
it spreads or metastasises to distant organs. 
This view is important in relation to tlierapy' 
for it offers the possibility' of complete cure 
in an occasional case, particularly' of the para- 
granulomatous ty'pe. 

Of the related conditions next considered, 
reticulum cell sarcoma is regarded as a dis- 
tinct entity, different from Hodgkin’s disease 
sarcoma and lyanphosarcoma. It may' occur 
ns a primary tumor of bone, of which tliey' 
have observed 25 cases. Early’ amputation of 
the extremity, followed by’ radiotlierapy. 


may be followed by recovery; this occurred 
in 6 of 11 of their patients. The view 
is expressed that lymphocy'toma and lym- 
phoblastoma arise exclusively in lymph 
nodes and usually acquire their serious na- 
ture only when leukemia or lymphosarcoma 
develops. Lymphosarcoma, of which they en- 
countered 67 cases with 12 autopsies, is re- 
garded as one of the rarest forms of “lym- 
phoma”; for they restrict the term to tliose 
cases which present a single invasive and de- 
structive tumor. Giant-Follicle Lymphoma 
tends frequently to undergo transformation 
into Hodgkin’s sarcoma, lymphosarcoma or 
reticulum cell sarcoma. Of tlie autliors’ cases 
36% developed lymphosarcoma. Plasmocyto- 
ma is considered particularly from the point 
of view of the extra osseous growths. The au- 
thors record 5 such cases in some of which 
intraosseous growths never appeared. Endo- 
tlielioma receives little more than mention, 
since the authors have never encountered a 
case. 

The monograph contains a wealtli of valu- 
able information based upon personal ex- 
perience, and obtained from a wide knowl- 
edge of tlie literature. No effort has been 
made, however, to incorporate a comprehen- 
sive bibliography. References are given at tlie 
end of each section or chapter to those arti- 
cles and treatises that have tlie most significant 
bearing on the subject under discussion. The 
book will become an essential text for all phy- 
sicians and students- interested in this field. 

W. L. 


Dn. Kirkbiuoe and His Mental Hospital. By 
Earl D. Bond, M.D., Director of Research, 
Institute of the Pennsy'lvania Hospital. Pp. 
163; 7 ills. Phila.: J. B. Lippincott, 1947. 
Price, $3.50. 

The life of Thomas Kirkbride, first Su- 
perintendent of tlie Pennsy'lvania Hospital for 
Nenous and Mental Diseases, is here pre- 
sented in tlie light of liis ou-n times. The 
son of a rigid, parsimonious Quaker fanner, 
he became a doctor wth the choice of spe- 
cializing in surgery or psychiatry'. His rea- 
sons for selecting psy'chiatry boiled doira to 
settling liis parents’ peace of mind and know- 
ing tliat his u’ife approved any plan of medi- 
cal practice tliat would keep him close by. Out 
of such small beginnings Doctor Kirkbride 
headed a mental hospital tliat became an 
inspiration to countless numbers and started 
the Pennsylvania Hospital on its road to 
leadership in tlie management and housing 
of mental patients and in tlie organization of 
psycliiatry. Doctor Kirkbride was one of tlie 
Uiirteen founders of the .American Psychiatric 





6\ 




•a-s 


iO« ®'°’S<,»W'! 5 %i 3V1' •aoyf': 




« sgs«s 

°'a«osl 5^; -1%> 


‘OO^SS^ 


-«4 .rtO^SS''^"='- al3*^ - ^ 

Von sr ox vf 


r^i «"?„ 


dtvo 


otqf 


o'V 

?P' »“^2p»>=‘''S„a A' '°.-9 -> ®'S 


-S^P 
-Stp 
-uia 
-?&p 

^po 39? 




■ SlSO'i®’ 




„ dtv ®?'^'!!,a9ds V“” ajanl^ 

UO V 


jqUOV** j 


a\ 






AtP®°i San 


jd 3^^. 
9tVp 




^09Ui 




gq 

SI 


QTpV 


O^ 


'^S'SojS “^.’-2y.a 9«»”= 


j a^l 5° ^s99n®®^ ^ 




.iB^^ _Trt 'pQ.rfi99j “ 1 Cfv'S 










booP' 


0Ul9 


9^1 




•a' 

o; 




SlJtJp 




?'9? ” 5i 

''pp<¥'»f5S> »»'> ''=’Tsl®=«* ^toVSp T*” 

giBOi 5° ®^a TJ ^ (tani a'^ oa^'^ 

ip -S 1'% ’“«5,SiT'’«‘ 

‘onsoo9^ ^ „j aulP Q-apon an? ^ sml 
‘aW”?’’® ^ SI a'B’'l° .„,a 

V f U >“! ?a''*S!"aa«J-»®^ ’ 


,,!Sl '■'’^„ia ‘Wa .41 ffllapBot -1 ’ sooaoO 


Sts' 
dd 


fsof\ 


•oo’'s 


d§ 


•^iSnSaS?-;”^ ‘-a 




’‘.\6S 






SS3JJ 


p9«p2t 


jlO' 


-vt S 


■S'S, aJ» ^Sra-w^'V®. SiW'" 

gvp 


ao 

•CioVoVVsuoa®^^ 

J nTtvoA"^ „5aoS 


•1^ sa 


QllVt 

t.o;9 




£J ‘.‘S'Cl’^ 




i® cx<^sat<%x n,si 

« CXXS>^"pS9- ’'■<.« 

,„nc OA _ ^en 9V\1 Liiujap •oU«o'\ 


‘-0^® '■"'''xo "^oid 

XOO'IOJ'^ 

P'^ ‘•ad'^ “?5 
V d 


Aa 


•ad'A 

.goxiov^a 


HI 


n^ooa 


sa\^ 








«x SV«®?- lOXOOd 


,BVUJ®P 


i^snsxp -•'’^ ^• 




•d d'A c^^^uv-r .-n ox 
xixvoa 

^ tnu** tv ^^■OtltM'' '^'^O' 

S1335" 

,T?s:??f53.33'i '= ?.?r5sSSr-^^ 


jXjOSJ^^ ,5j9^tia 

i'?'"’ ^T^'sVsx-a « ;iopap* 

■ inoa? oK aoJp ®3ppiini 5° .oa,^!^ ® 

P«Xx-„’Sffeao,>^ 


UXJp! 

id 3® 

axlop Vi' 
Asoi^®3 

3jB S3S«®^?5joU3 
-09S ®dd ,g§xjO^'^^ 

-It'S a'3':‘^, ,oi J05 


iXid lS0'^__;T3XjltX\0A 


r’ 

‘9^«P 

Xlt V 

sxva 


snstv^p. 




aM! '^S ?„S^a■»!’•L'.poa 


a?® “six-oni 

.'.•.J-ri-«s'£i * 'T 

.0, d a® ' csn' 





BOOK REVIEWS AND NOTICES 


719 


American Medical Research Past and 
Present. By Richard H. Shryock, Ph.D., 
Prof, of History and Lecturer in Medical 
History, Univ. of Pennsylvania. Preface by 
John F. Fulton, M.D. Pp. 350. New 
York: Commonwealth Fund, 1947. Price, 
$2.50. 

One of a series of monographs published at 
tlie request of the Committee on Medicine 
and the Changing Order of the New York 
Academy of Medicine. The material is pre- 
sented under the following headings: Forma- 
tive Influences, Early Support of Research, 
1860-1895, The Changing Economic and So- 
cial Background, The Era of Private Support, 
1895-1940, Research Trends, Research Fields, 
Public Relations, Public Support, The Future. 

The history of medical research in America, 
from its feeble beginnings in the middle of 
the 18th century to its present position of 
leadership, is traced in a most readable style. 
The book affords stimulating entertainment 
from start to finish and furnishes an excellent 
background for an unprejudiced appraisal of 
the present status of medical research in 
America. 

This book should be read by everyone en- 
gaged in medical research in this countr)', 
if only to facilitate the visualization of his own 
field of endeavor in proper perspective. To all 
who are interested in the medical, social and 
economic development of America, the Re- 
viewer heartily recommends this little volume. 

D. C. 


Benjamin Silliman (1779-1864) Pathfind- 
er IN American Science. By John F. Ful- 
ton and Elizabeth H. Thomson. Pp. 294. 
New York: Henry Schuman, 1947, Price, 
$4.00. 

Benjamin Silliman occupies an unusual 
place in tlie history of American science. Al- 
lliough his original contributions were of a 
minor character, he probably accomplished 
more . than did any otlier person in dissemi- 
nating scientific knowledge and enthusiasms 
on both the popular and professional levels. 
A graduate of Yale College, Silliman was ap- 
pointed to tlie first professorship of chemist^' 
there in 1801 while still quite innocent of 
scientific training. He proved to be just the 
man for the post, not only because of intel- 
lectual ability but also because liis personal 
tact, integrity, and enthusiastic industiy' were 
just the qualities needed for establishing sci- 
onco in an educational world still dominated 
liy the classical tradition. In this re.spcct, he 
"as also aided by an honest hut tolerant pietv, 
"hich served to os’ercome the fears which 


science would otherwise have aroused at so 
orthodox a center as New Haven. 

So equipped, Silliman prepared for his ca- 
reer by securing training in chemistry and 
medicine at tlie University of Pennsylvania, 
and by spending a stimulating year in Eu- 
rope. Returning to Yale in 1806, he served 
there for half a century, guiding two genera- 
tions of able students and founding scientific 
institutions which were of national as well 
as local importance. He was not only the first 
professor of chemistry at Yale, but the first 
to teach geology in the United States ( 1806 ) . 
In 1810 he led in the founding of the Yale 
Medical School. Displaying a genius for or- 
ganization and for raising what were then 
substantial funds, he secured for Yale col- 
lections in geology and in the fine arts. In 
1818 he established the American Journal of 
Science (“Silliman’s Journal”), which became 
a clearing house for the scientific interests of 
tlie nation. In 1846 he persuaded the Col- 
lege to set up the first courses in science in- 
dependent of the Arts College, an arrange- 
ment which led later to the beginnings of the 
Sheffield Scientific School and to a Graduate 
School which gave the first American Ph.D. 
(1863). 

While engaged in all these activities, Silli- 
man also found time to serve as a consulting 
mining engineer and as a very successful pop- 
ular lecturer. Although there was already a 
tendency to separate pure and applied sci- 
ence, and to isolate basic science from the 
public, Silliman was opposed to this by both 
temperament and conwetion. Not a technical 
specialist, he valued science primarily as a 
means for economic progress and for popular 
enlightenment. In this respect, he may be 
viewed as one who preserved the scientific 
outlook of tlie preceding centurj' while at the 
same time he did so much for the institutions 
of the future. 

Dr. Fulton and Miss Thomson have based 
this biography on a thorough use of the 
great mass of Silliman papers, as well as on 
materials found in otlier collections. Their 
treatment is a sjanpatlietic one, tempered by 
objectivit}'. The result is a most happy com- 
bination of careful scholarship and human 
interest, calculated to widen the horizon of 
any reader concerned with the development 
of the scicncs in this countiy’. R. S. 


Oral Vaccines and Immunization by other 
Unusual Routes. By Daitd Thompson, 
O.B.E., M.B., Ch.B., D.P.H., Director of 
the Pickett-Thomson Research Laboraton-, 
Robert Thompson, M.B., Ch.B., Patho- 
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legist, St. Paul’s Hospital, London, and 
James Todd MonnisoN, M.D., D.P.M. Pp. 
329. Balt.: Williams & Wilkins, 1948. Price, 
$ 11 . 00 . 

This book brings together in 1 volume the 
results of many researches on oral vaccines and 
attempts at immunization by other non- 
parenteral routes. The summaries of over 1000 
research papers are given in chronologieal 
order, but at the end of most chapters the 
authors have attempted to sum up tlie evi- 
dence and to give just and unbiased conclu- 
sions. Part 1 contains general information on 
oral immunization. Part II gives data on the 
oral method of immunization against numer- 
ous infectious diseases; pollinoses, and poison 
ivy dermatitis; tlie use of staphylococeal, 
streptococcal, gonococcal, B. colt and B. 
pijocyaneus oral vaccines; the use of oral 
vaccines in certain animal diseases; and pas- 
sive oral immunization with placental e.\- 
tracts and seroplasma. Part III is limited to 
die oral prophylaxis with toxins and toxin- 
antitoxin mixtures, and Part IV lists attempts 
at immunization by other unusual routes. All 
the references to die literature are listed al- 
phabetically in the back of the book. There 
are also author and subject indices. Those in- 
terested in the subject of immunization will 
find this a useful volume. H. M. 


Introduction to the Historv of Science. 
Vol. Ill (in 2 parts). Science and Learn- 
ing in the 14th Century. By George 
Sarton, Associate in the History of Sci- 
ence, Carnegie Institution of Washington. 
Pp. 2154. Balt.: Williams & Wilkins, 1947, 
1948. Price, $20.00. 

This really colossal undertaking has already 
resulted in 3 large books— Vol. 1 (839 pp. 
covering the period from Homer to Omar 
Khayyam) appearing in 1927, and Vol. 2 
( 1251 pp. covering the 12th and 13th cen- 
turies) appearing in 1931 in two books but 
with continuous pagination and a single index. 
Now after 17 years, the 14th century is 
covered by Vol. 3, divided in the same way 
as Vol. 2. Thus one scholar, working for some 
36 years, has brought to fruition his vast 
and unique plan of bringing into one work 
the scientific and cultural record of the civili- 
zation of the world up to the time of the 
Renaissance. Truly a Gargantuan “Introduc- 
tion”! 

The author’s original purpose, “to explain 
the development of science across the ages 
and around the earth,” is pursued in these 
two books on the lines laid down in the 
earlier two volumes. As this plan is compli- 
cated, he facilitates their use by explaining 


their construction. Each deals witli one half 
of the 14th century and the hvo are sym- 
metrical; that is, each has 14 chapters, the 
first of which is a synthesis of the other 13. 
These 13, each of which has the same title 
as its vis a vis in the other book, are on such 
topics as Philosophical and Cultural Back- 
ground, Medicine (these 2 being the largest). 
Education, Chemistry, and so on. They are 
p:ickcd with countless factual items, impos- 
sible for extended consecutive reading, nor 
arc they intended for such. Tlie first chapter 
of each part, on the other hand, each con- 
sisting of more than 300 pages and subdivided 
into the same sections as are the subsequent 
13 chapters, amalgamates into a scholarly 
readable story the knowledge of tlie period 
in each field of endeavor. These 2 survey 
chapters arc obviously the author’s favorite 
part of the work, to which the rest play 
subordinate if necessary supporting roles. 
From these and from his Introductory Chap- 
ter, re:iders will learn much about tlie intel- 
lectual activities of the 14th century and the 
unifying bonds between different countries, 
a special emphasis being given to the con- 
tributions of Eastern thought. 

The General Index requires 373 large 
double columned pages, and even so is fol- 
lowed by shorter indices in Greek, Chinese 
and Japanese characters. In true Sartonian 
manner, the General Index is described as 
not only “relatively complete” for Vol. 3, 
but also “a very rudimentary repetition” ot 
the indexes of the first two volumes. As has 
been noted elsewhere, the extensive index and 
bibliographical notes make the work of very 
considerable use as a dictionary and a biblio- 
graphy of the period, but these are by-prod- 
ucts and should not detract from its greater 
role as “an integration of the intellectual 
doings” of the scholars and scientists of the 
14th century. 

Even to erudite scholars, and with due 
allowance for assistance received, the author’s 
encyclopedic knowledge must seem prodi- 
gious. One wonders who could write an 
adequate critical review of tliese volumes 
e.xcept Dr. Sarton himself. Let us hope with 
him that, even if, he has now concluded the 
undertaking 5 centuries short of his original 
goal, he may be found to have pointed the 
way for others to carry on the task. E. K. 


Pathology of Tumours. By R. A. Willis. 
D. Sc., M.D., F.R.C.P., Prof, of Human 
and Comparative Pathology, Royal College 
of Surgeons, London. Pp. 1050; 500 ills. 
St. Louis: C. V. Mosby, 1948. Priee, $20.00. 
Professor Willis’ previous book, “The 
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Spread of Tumors in the Human Body” is 
rightly regarded as one of the significant con- 
tributions . to the literature on oncology. The 
present larger and more comprehensive work 
deals witlr all aspects of neoplasia and neo- 
plastic diseases, and is, as the author states, 
the outcome of his special interests in tumors 
during 20 years as a hospital pathologist. 

The book is addressed primarily to patho- 
logists, research workers and senior students, 
but Professor Willis expresses the hope that 
“clinicians also may find it useful and even 
elementary students may find it intelligible.” 
This hope is amply justified. The book gives 
not only a well balanced and readable ac- 
count of present day knowledge, but also con- 
stitutes an invaluable record of the authors’ 
own observations and conclusions. Many brief 
reports of personally studied cases are intro- 
duced as examples; on controversial matters, 
while indicating that tliey are controversial. 
Professor Willis has plainly stated his own 
present opinion; the figures, of whicli there 
are 500, are all from material which he has 
studied personally. 

The first part of the work ( about 200 
pages) deals with general aspects of tumors, 
such as definition, classification and nomen- 
clature, the proper meaning of “innocence 
and malignancy,” tlie experimental production, 
statistical study, mode of origin, structure and 
growth, spread, and modem hypotheses as 
to the nature of tumors. The author’s convic- 
tion that much has yet to be learned from 
the comparative pathology of tumors is re- 
flected not only by a separate chapter on 
tumors in animals, but by sections in the 
cliapters which are devoted to tumors in the 
different organs. Part I ends with a recapitu- 
lation of the subjects discussed and the con- 
clusions reached. 

Part 11 of the work is concerned with what 
is sometimes referred to as special oncolog)': 
a systematic consideration, first of the epi- 
thelial tumors, malignant or benign (somewhat 
over 400 pages); then of tlie mesenchymal 
tumors, including those arising from lymphoid 
and otiier haemopoietic tissues (approximately 
150 pages); the tumors of neural tissues (ap- 
proximately 100 pages), and finally sundry 
special classes of tumors such as melanomas, 
embryonic tumors of wscera, teratomas and 
chorioepitheliomas (approximately 100 pages). 
Tiio reference lists are carefully chosen; as 
the author says, he has preferred to base his 
discussion on what he has read himself; many 
of the references arc annotated, as “ a val- 
uable review of the physical and chemical 
properties of tumor cells, including a discussion 
of their inyasiveness.” Tlie text is well printed; 
the index is good. The book is warmly re- 


commended. The pathologist will find in it 
much of interest, for it expresses clearly and 
frankly the opinion of a distinguished fellow 
pathologist; the student of medicine will find 
it a good guide to a difficult subject, and the 
clinician an excellent and readable work of 
reference. B. L. 


Heart. By Aldo A. LuiS/Vda, Instructor in 
Physiology and Pharmacology, Tufts Col- 
lege Medical School. Pp. 653; 352 ills. 
Balt.: Williams & Wilkins, 1948. Price, 
$ 10 . 00 . 

The author stresses the physiologic basis 
for normal and abnormal functions of the 
heart and circulation. The characteristics of 
and reasons for symptoms and jihysical signs 
are well demonstrated by graphic methods. 
The sep;iration of chapters on the basis of an 
anatomical rather than an etiologic classifica- 
tion is admirably suited for this purpose. The 
use of mechanical aids to diagnosis, especi- 
ally phonocardiography, is extensively illus- 
trated. Rare and unusual forms of heart 
dise:ise are covered scantily or not at all. No 
attempt is made to discuss advanced electro- 
cardiography. This book is recommended es- 
peci-ally for its clear descriptions of normal 
and abnormal cardiovascular physiology and 
the use of technical aids in understanding 
these problems. C. K. 


A lIisTony of the Heart and the CmcuLA- 
TJON. By Fredrick A. Willius, M.D., M.S., 
Prof, of Medicine, Mayo Foundation, and 
Thomas J. Dry, . M.S., Assoc. Prof, of 
Medicine, Mayo Foundation. Pp. 456; il- 
lustrated. Phila.: W. B. Saunders, 1948. 
Price, $8.00. 

The numerous books on historical and cul- 
tural aspects of medicine that have appeared 
since the War give a good indication of tlic 
interest that the medically inclined public— 
at least in- publishers’ opinions— has in this 
field. Anthologies and s)’stematic treatises, 
both general and in special fields, present 
ei'cr increasing opportunity for contact with 
the concepts, achievements and personalities 
of our past. 

The present volume, one of tlie best in a 
field in which it has several predecessors, of- 
fers its material in 3 main diiasions. The first 
mid longest part (268 pp.) presents the stoiy- 
in 8 chronological divisions that increase in 
lengtli from the earliest. .Antiquitx- (23 pp.) 
to the latest, the First Quarter of the Twen- 
tieth Conturx' (45 pp.). The second section 
gives in more detail 20 arbitrarily selected 
“Special Biographies” (ranging from Hip- 
pocrates to Sir Thomas Lewis) of men who 
Imve already appe.ored in the earlier part. 
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The tliird section, "Tlie Chronologic Presenta- 
tion of Data According to Subject,” presents 
IS tabulated chronologies of such subjects as 
Aneurysm, The Pulse, the Anatomy, tire Phy- 
siology, tlie Therapy of the Heart and Circu- 
lation, Milestones in Medical Education (not 
restricted to the special field of tlic heart) 
and so on. This unusual arrangement, in ad- 
dition to requiring considerable repetition, 
produces many breaks in continuity. Osier, for 
instance, is given 2 pages in the general his- 
torj', then 10 in the biographical section, with 
mention in several of tlie chronological lists. 
Resultant incon\'eniences are minimized, how- 
ever, by good indices. 

Among tlie many illustrations, there is a 
refreshingly high percentage, especially in 
recent times, of newcomers to historical te.vts. 
The welcome emphasis on the modern here 
and throughout the volume, not onlv results in 
an allocation of text space more proportional to 
the actual progress made but also provides all 
the more information that is not to be found 
in out of print histories. It is perhaps need- 
less to add tliat the work is not a History’ in 
the professional historian’s sense, and it is 
probably' not meant to be, but it does appeal 
to the Reviewer as an adequate and enter- 
taining account of the progress of one of the 
most important fields of human medicine. 

E. K. 


No Retreat From Reason and Other Es- 
says. By Alfred E. Cohn. Pp. 279. New 
York: Harcourt Brace, 1948. Price, $3.50. 
The author of tliis group of essays has been 
consistently a ragorous advocate of the intel- 
lectual attitude toward life. His faith is based 
upon the progressive use of intelh'gence to 
solve man’s problems and to achiei'e happi- 
ness and the good life. 

The essay' which names the collection pre- 
sents an optimistic appraisal of our oppor- 
tunity’ in the confused and turbulent world 
we find about us. Its calm and reasoned ap- 
proach is entirely wholesome. Several of the 
essays deal wth the interaction of the method 
of science and the achievements of the arts. 
The analysis of this interaction has long been 
a favorite field of inquiry for the author and 
he has contributed significantly to it. Tlnee 
essays are biographical appraisals of men of 
medicine; two of them men of recent y’ears; 
the other, Har\’ey'. A chapter entitled “On 
Retiring” is a deh'ghtfully humorous interlude, 
nevertheless permeated with thought-provok- 
ing philosophy’. J. A. 

The Metabolic Brain Diseases and Their 
Treatment in Mhataby and Civilian 


Practice. By G. Tayleur Stockings, M.B., 
Late Deputy Medical Superintendent, City 
Mental Hospital, Birmingham, England. I’p. 
262; 3 ills. Balt.: Williams & Wilkins, 
1947. Price, $4.50. 

This book is a rc-interpretation of the 
schizophrenic, delusional, and affective psy- 
choses, using a new, simpler terminology’ and 
classification, which is based on the results 
of the latest rese.arch in neurophysiology’ and 
psychiatry', plus 5 years e.vlensis’e c.vpericntc 
irith insulin and electroshock (“neurometa- 
bolic”) therapy’ in treating mental casualties 
of World War II. The author presents a re- 
markably’ unified and cogent concept of the 
psychoses as diseases of brain metabolism 
(encephalopathies) affecting either one or 
both of the 2 fuels of the brain cells— o.xygen 
and glucose. The largest portion of the book 
is then devoted to a very thorough discussion, 
using tliis concept, of these disorders, pre- 
sented much in the same way’ tliat a te.xtbook 
in internal medicine would describe pneu- 
monia, gii'ing etiology’, diagnosis, course, 
prognosis, and tlierapy', with an e.vplanation of 
how the therapy works. By thus tying mental 
sy-mptoms to disorders of biochemistry’ and 
the phy’siology of the brain, he brings tlie 
pathophysiology of psychoses into line with 
such psychosomatic diseases as essential hyper- 
tension, and estabh’shes tlieir treatment as 
rational and not empirical. 

This is an e.\-traordinary’ and possibly’ re- 
volutionary’ book, which may become a mile- 
stone in psychiatry. It desen’es a wide audi- 
ence. J- s. 


Medical Research In War. Report of the 
Medical Research Council for 1939-45. 
Pp. 455. London: His Majesty’s Stationery 
Office, 1947. Price 7/6 net. 

This report, covering the War Period is 
the first to be published by the Council in 8 
years. So u’idespread are the ramifications of 
Council promoted activities that a fair picture 
emerges of British medical research in war 
time. The work was carried out in tlie Nation- 
al Insritute for Medical Research or in' the 
Council’s 21 E.xtemal Research Establishments 
or through grants to individuak, and Fellow- 
sliips. It covered such broad fields as Wounds 
and War Injuries, War Diseases, Therapeutics 
(including penicillin). Nutrition in War Time, 
Personnel, Research, Health in Industry, Pre- 
ventive Medicine, Laboratory’ and Clinical 
Studies in the various specialties. Cell Growth, 
Genetics, Radiant Energy’, 

The e.vcellent record of this government 
created body’ since its incorporation in 1920, 
and of its predecessor The Medical Research 
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Committee, should be of special interest to the 
American medical profession in these days 
of coordinated research and increasing govern- 
mental participation. E. K. 


Experuviental Air-Borne Infection. By 

Theodor Rosebury, with tlie co-autlior- 

ship of tlie staff of the Laboratories of 

Camp Detrick, Md. Pp. 222; 40 figs. Balt.: 

Williams & Wilkins, 1947. Price, $4.00. 

This first Microbiological Monograph of 
the Society of American Bacteriologists pre- 
sents results of investigations of experimental 
air-borne disease released by the Biological 
Warfare Service. Between December 1943 and 
October 1945 Dr. Rosebury with 11 co- 
authors and 16 mentioned assistants con- 
' ducted investigations on Air-Bome Infection 
at Camp Detrick, Maryland, forecast by his 
report printed a few months ago in the 
Journal of Immunology. Disease was induced 
in small animals inhaling droplet nuclei aero- 
sols of Brucella suis. Psittacosis virus (Borg), 
Psittacosis virus (6BC), Malleomyces pseu- 
domalleU Malleomyces mallei, Meningopneu- 
monitis virus (Cal 10), and Pasteurella 
tularensis; the report does not indicate wheth- 
er the list is complete but states, “work with 
infective agents was begun 21 March, 1945 
and continued until shortly after the end of 
the war.” These protocols occupy one-tenth 
of the volume. 

The remaining nine-tenths of the book re- 
cords the procurement of equipment and 
secret training for a study of e.xperimental 
air-borne disease. The first part describes ela- 
boration of apparatus for safe exposure of 
animals to aerosol suspensions of virulent 
organisms in droplet nuclei. The second de- 
scribes certain selected atomizers for produc- 
ing infective aerosol clouds. The third part 
discusses their modification of the Greenburg 
dust impinger for bacterial sampling. Since 
alteration of critical dimensions sacrifices im- 
pinging efficiency, tlie authors state “that the 
sampler operates as a bubbler rather than as 
an impinger in tlie strict sense”; bubblers are 
much less efficient collectors of droplet nuclei 
than impingers. Yet the laolence of tliis type 
of impinger may, by destroying delicate or- 
ganisms, as the autliors suggest, perhaps ac- 
count for the small lethal dosage (one-tliird) 
obtained by British investigators of Biological 
Warfare; quantitatii’e precision is illusive. 

Nevertlieless the mortaliti' patterns parallel 
previous results on air-bome influenza and 
streptococcal infection of mice in tliat geo- 
metrical incre,ases in dosage tend to ineld 
arithmetic increases in mortality, and the 
Rork proiidcs valuable new evidence of the 


vulnerability of animals to inhaled droplet 
nuclei infection. . - W. W. 


Rheumatism and Soft Tissue Injuries. By 

James Cyriax, M.D., B.Ch. (Cantab.), 

Physician-In-Cliarge, Physiotherapy Dept, 

St. Thomas’s Hospital, London. Pp. 410; 

107 ills. New York: P. B. Hoeber, 1947. 

Price, $9.50. 

Actually a work on physical tlierapy, 
particularly on massage and manipulative 
techniques, this book gives an excellent de- 
scription of the physical management of vari- 
ous muscle and joint conditions. “Treatment 
by movement has been substituted (for rest) 
for many traumatic and rheumatic lesions in 
the course of the present century. Movement 
may be applied in various ways . . . active and 
resisted exercise, forced movement, and deep 
massage.” 

The sections discussing muscular spasm and 
fibrotic nodules are well thought out. The 
plates and figures are well done and interest- 
ing, although in many cases the techniques il- 
lustrated are dubious in value or even danger- 
ous-such as manipulation of the cervical 
spine for rheumatoid spondylitis. 

Why treatment of conditions of the ali- 
mentary tract, of herpes zoster and of retrac- 
tion of the nipple should be included in this 
work is sonietliing of a myster)^ Many of tlie 
terms used are confusing and the conditions 
described are somewhat garbled, particularly 
the descriptions of functional conditions, such 
as “psychogenic spasms,” “sciatic scoliosis," 
"capsulitis,” etc. The book shows little organi- 
zation from the standpoint of disease entities, 
but is loosely organized from the standpoint 
of parts involved and treatments for each 
area. The section on rheumatoid arthritis is 
ratlier confusing in its arrangement, and the 
S)'niptomatology and diagnostic criteria are 
sketchy and incomplete. 

It is felt that tliis book would be of lim- 
ited value to a general practitioner or an in- 
ternist, because of its sketchy metliod of de- 
scribing the diseases of the joints and mus- 
cles, and because of the emphasis on manipu- 
lative techniques which should be carried 
out only by an expert in physical therapy, if 
at all. It can be taken, however, as a ref- 
erence work for massage and manipulative 
techniques, and for diagnostic criteria for the 
more obscure soft tissue injuries. J. H. 


Source Book of Orthop.xedics. By Edc.yr M, 
Bick, M.D,, F.A.C.S., Ortliopedic Surgeon, 
Mt. Sinai Hospital, New York. 2d ed- Pp. 
540; 31 ills. Balt.: Williams & Wilkins 
194 S. Price, .SS.OO. 
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Dn. Bick after 10 years has brought out 
anotlier edition of liis Source Book which is 
an enlarged and much more valuable liistory 
of the development of Orthopaedic Surgery. 
This is a most interesting book, weaving the 
advances of the specialty around the person- 
alities connected witli the various affections 
of bones and joints, and integrating into it 
tlie more recent developments. Tliis broad 
concept has been difficult to crystallize into 
book form, as the author frankly admits; but 
Dr, Bick is to be congratulated upon produc- 
ing an interesting history of orthopeffic sur- 
gery. His e.xtensive bibliography attests to his 
\vide reading and preparation in making this 
edition even more valuable tlian the first. 

P. C. 


Medicou:gal Problems. Edited by Samuel 
A. Levinson, M.D., Ph.D., Univ. of Illi- 
nois College of Medicine, for tlie Commit- 
tees of the Institute of Medicine and tlie 
Cliicago Bar Association. Pp. 255; 6 ills. 
Phila.: J. B. Lippincott, 1948. Price, $5.00. 
The first aim of this book is to provide 
both medical and legal professions with an 
understanding of the viewpoints of the otlier, 
so that judicial review may be honest and 
fair. Secondly, it brings together botli pro- 
fessions so tliat conditions requiring legisla- 
tive action may be undertaken. And lastly, 
the legal liability of the physician in various 
situations is clarified. 

The phases covered are: tlie medical wit- 
ness and the Minnesota plan; artificial insemi- 
nation; medicolegal pathology, sterility opera- 
tions; trauma and tumors; scientific tests in 
evidence. Each problem is covered medically, 
legally, and the discussion folloiving each 
presentation is included. The treatment of 
each phase is satisfactory and enlightening. It 
is of importance for the physician to realize 
the conservatism of the benh, and the diffi- 
culty (in some states) of establishing medical 
tests and facts as incontrovertible evidence. 

G. R. 


Disability Evaluation. By Earl D. Mc- 
Bride, B.S.M.D., F.A.C.S., Diplomate 

American Board Orthopedic Surgery. 4th 
ed. Pp. 667; 400 ills. Phila.: J. B. Lippin- 
cott, 1948. Price, $12.00. 

The fact that this is the 4th edition of this 
extensive work is its best commentary. There 
is no other book in English that covers the 
subject in such a complete and comprehen- 
sive way. 

One could easily find fault with minor 
matters, such as the treatment of the hyste- 
rias, the neuroses and malingering, and ob- 


ject that from the psychoneurotic aspect of 
injuries the subject is treated from the stand- 
point of the employer. 

The traumatic neurosis should be consid- 
ered as a definite entity, as an actual clinical 
disease process, if one would be fair to the 
pl.iintiff. If this were done, it would add defi- 
nitely to the value of the book. It is not fair 
to pick out such a highly technical and spe- 
cialized subject as nervous diseases and ps)'- 
cliiatry and more particularly the functional 
group when tliis needs a special volume for 
its interpretation. The autlior’s composite 
schedule of approximate evaluations for par- 
tial permanent disability, which has been 
given a prominent position in the book, will 
prove of great value in compensation cases. 
The large number of line and photographic 
illustrations, all of them particularly well 
done, add tremendously to tile book’s value. 

It should be in tlie hands of both doctors 
and lawyers interested in workmen’s compen- 
sation and transportation damage suits. It wall 
also be of value to the ordinary’ physician who 
is asked to testify in damage and compensa- 
tion cases. It is a splendid book of reference. 

D. McC. 


Psychobiology and Psychiatry. By Wen- 
dell Muncie, M.D., Assoc. Prof, or Psychi- 
atry, Johns Hopkins Univ. 2d ed. Pp. 620; 
70 ills. St. Louis: C. V. Mosby', 1948. Price, 
$9.00. 

This new edition of tliis valuable presenta- 
tion of tlie teachings of Adolf Meyer, seen 
through the clinical e.xperiences of Dr. Mim- 
cie, omits many of the blank spaces of the 
1st edition but adds many new facts. 

The 3 parts of the book consider the nor- 
mal chiefly through personality studies of 
medical students, the abnormal with chapters 
on each mental disease or defect, and treat- 
ment in general and for particular abnormal 
reactions. 

As Adolf Meyer’s terms have not been 
adopted by others, they do not add much to 
the reader’s comfort. But the basic concepts 
are so original, sweeping and dignified that 
they deserve a place in any psychiatrist’s 
thinking. And their spirit is indicated in a 
quotation from William James, “E-xpeiiencc 
e.xceeds logic, overflows and surrounds it”. 

E. B. 


NEW BOOKS 

Advances in Biological and Medical Physics. 
Vol. I. Edited by John H. Lam'Rence and 
J. G. Hamilton, Univ. of California. Pp- 
484. Illustrated. New York: Academic 
Press, 1948. Price, $8.60. 
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Cancer Manual. Standards for the Diagnosis 
and Treatment of Cancer. By tlie Cancer 
Committee of the Iowa State Medical So- 
ciety. Pp. 160. Iowa City: Athens Press, 
1948. Price, $1.00. 

Hetero-specific Alteration Therapy. By S. Nu- 
KADA, M.D., Ph.D., and C. Ryu, M.D., 
Nukada' Institute and Sanatorium. Pp. 80; 
5 ills. Tokyo, Japan: The Japan Medical 
Publications Co., 1948. No price given. 

Diagnosis in Gynaecology. By James V. Ricci, 
M.D., Clinical Prof, of Gynaecology and 
Obstetrics, New York Medical College. Pp. 
259. Phila.: Blakiston, 1948. Price, $4.50. 

Rural Health and Medical Care. By Freder- 
ick D. Mott, M.D., and Milton I. Roe- 
MER, M.D., M.P.H. Pp. 608. New York: 
McGraw-Hill, 1948. Price, $6.50. 

Vitamine und Vitamintherapie. Von Dn. Med. 
Emil Aberhalden, Univ. Zurich. Pp. 408; 
42 ills. Bern, Switzerland: Hans Huber, 
1948. Price, Fr. 28. 

The Engaged Couple Has a Right to Know. 
By Abner I. Weisman, M.D. Pp. 256. 
New York: Renbayle House, 1948. Price, 
$3.00. 

Pharmacology and Therapeutics in Nursing. 
By Marion Sylvester Dooley, M.D., and 
Josephine Rapfaport, R.N., B.S. Pp. 444; 
26 ills. New York: McGraw-Hill, 1948. 
Price, $3.75. * 

Corazon Pulmonar e Insufiencia Coronaria. 
Por el Dr. Juan Govea, de la Facultad 
de Medicina de Paris. Pp. 178; 70 ills. 
Havana, Cuba: M. V. Fresneda, 1948. No 
price given. 

The Healthy Hunzas. By J. I. Rodale. Pp. 
263; 16 ills. Emmaus, Pa.: Rodale Press, 
1948. Price, $2.75. 

The food and farming habits of a people 
dwelling on the northwestern border of 
India. 

Treatment of Heart Disease. By William A. 
Brams, M.S., M.D., Ph.D., Assoc. Prof, 
of Medicine, Northwestem Univ. Pp. 195; 
11 ills. Pliila.: W. B. Saunders, 1948. Price, 
$3.50. 

Chemistry in Nursing. By Raymond E. Ne^vl, 
'•^ssoc. Prof, of Chemistry, Simmons Col- 
lege. Pp. 564. New York: McGraw-Hill, 
1948. Price, $4.00. 

Advances in Protein Chemistry. \'ol. 1\^ Ed- 
ited by M. L. Anson, Continental Foods. 
Inc., and John T. Edsall, Hars’ard Medi- 


cal School. Pp. 575; 13 ills. New York: Aca- 
demic Press, 1948. Price, $8.50. 

An Introduction to the History of Dentistry. 
By Bernhard Wolf Weinberger, D.D.S. 
In 2 vols. Pp. 514 and 408; 177 and 136 
ills. St. Louis: C. V. Mosby, 1948. Price, 
$ 20 . 00 . 


NEW EDITIONS 

Human Neuroanatomy. By Oliver S. Strong 
and Adolph Elwyn, College of Physicians 
and Surgeons, Columbia Univ. 2d ed. Pp. 
442; 336 ills. Balt.; Williams & Wilkins, 
1948. Price, $6.00. 

We welcome a new edition of Human 
Neuroanatomy, by Professors Strong and 
Elwyn, for it is one of the best and most 
ably written books in a large field on tliis 
subject. The first edition was developed from 
chapters on the nervous system which, for 
years, had been incorporated in Bailey’s His- 
tology. (It was reviewed in this Journal 206, 
809, 1943.) The 2d edition has been im- 
proved by addition of one new chapter and 
enlargement of another. 

The new Chapter X, on Segmental and 
Peripheral Innervation, employs several new 
illustrations, principally from an excellent 
small clinical book by Haymaker and Wood- 
hall. The e.Ypansion of Chapter XXI is notable. 
The account of the blood supply of the brain, 
especially the blood vessels of the basal 
ganglia and internal capsule, is splendid. 

This book is for the advanced or more 
serious student of neurology. Some aspects of 
it are too heavy for the neophite. This is not 
an adverse criticism, but ratlier one of tlie 
inadequate time available for study of neuro- 
anatomy in many medical schools. W. W. 


Hospital Care of Neurosurgical Patients. 
By Wallace D. Hamby-, M.D., F.A.C.S., 
Prof, of Neurology and Neurologic Surger)', 
UniiL of Buffalo School of Medicine. Spring- 
field, 111.: Charles C Thomas, 1948. 2d ed. 
Pp. 156, 30 figs. Price, $3.00. 

This is a very satisfactory little book. It 
reviews briefly and concisely,* the major tj^pes 
of cases seen on a neurosurgical sendee. The 
preoperative care and the special tests to 
be employed in each group of cases are care- 
fully outlined. The major postoperative com- 
plications togetlier with tlie proper method of 
handling them are well described. The format 
and appearance of the book is pleasing. Resi- 
dents, internes and nurses connected uidi a 
neurosurgical sen-ice can read tJiis book with 
profit, F, Q 
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